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ABSTRACT
S tu d ies  of P- an d  S-wave shallow -depth  surveys in conjunction  w ith 
m odeling b ased  on generalized ray  theory  ind icate  th a t  seism ic 
detection  of ab an d o n ed  m ine w orkings w ith in  the M arshall, Colorado 
coal field p re se n ts  a  challenging  problem . The s tu d ies  w ere focused 
on observability  in th is  area  of the  following ind icato rs of open and  
co llapsed  w orkings:
1. sh o rte r  firs t-arriva l tim es above the  w orkings,
2. changes in the  seism ic signa tu re  along traverses th a t  sp an  
b o u n d aries  of m ined areas,
3. reduced  am plitude w ith in  subsided  areas,
4. reso n an ces  over open w orkings, and
5. h igh  am plitude  SH reflections from open w orkings.
A lthough all the  above seism ic ch a rac te ris tic s  were observed, the  
s tu d ies  ra ise  the  d istu rb ing  do u b t th a t  these  charac te ristics  m ay no t 
n ecessarily  be genera l in d ica to rs  of shallow -depth  m ine w orkings.
They can  w ith equal likelihood be a ttrib u ted  to la te ra l varia tions w ithin 
the  im m ediate su b su rface . For exam ple, the observed re so n a n t 
arrivals m ay be guided waves propagating  w ithin near-su rface  layers 
w hose velocity an d  th ick n ess  vary  laterally.
D etection  of shallow -dep th  reflections in th is  a rea  is difficult because  
of th e  occu rren ce  of reflected refrac tions of sim ila r arrival tim e, 
m oveout, and  frequency conten t. The s tu d ies also show ed th a t  the
iii
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n a tu re  of the  seism ic arrivals absolutely  m u st be unequivocally 
estab lish ed  before a com m on-offset m ethod is adopted .
iv
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INTRODUCTION
A dvanced geophysical te ch n iq u es  em ployed for cavity detec tion  have 
given som ew hat m ixed re su lts . T hese tech n iq u es  inc lude su rface  
resis tiv ity , gravity, ho le-to -ho le e lectrom agnetic  tran sm iss io n , 
borehole resistiv ity , seism ic tom ography and  su rface  seism ic 
exploration  tech n iq u es. D etecting and  m apping  u n d erg ro u n d  cavities 
in  an  econom ical w ay is a  w orthy  engineering goal. The stu d y  is 
im p o rta n t in  u rb a n  developm ent, archeological s tu d ies , h aza rd o u s 
n u c lea r w aste  d isposal, m ilitary  defense p u rp o ses, and  in  m ineral and  
pe tro leum  exploration . The location  of u n d erg ro u n d  cavities can  be 
verified by  closely spaced  boreholes, b u t  drilling is an  expensive and  
tim e consum ing  process. F u rth e r, th e  drilling re su lts  can n o t be 
ex trap o la ted  or in te rp o la ted .
S urface observation  of highly diffusive gases in jected into the  cavities 
h a s  n o t been  very effective in evaluating  th e  ex ten t of u n d erg ro u n d  
voids. For exam ple, th e  USGS in jected  exotic g ases in to  the  
u n d erg ro u n d  w orkings and  th en  took su rface observations. (Herring, 
e t al, 1985). They m et very little su ccess .
P o ten tial field m ethods have n o t been  very successfu l. W ith p re sen t 
technology, p o ten tia l field m ethods, su c h  as  gravity, m agnetic, 
e lectrical m ethods, do n o t provide ad eq u a te  re so lu tio n  w hen  the  
d ep th  of th e  two d im en sio n a l object exceeds th ree  tim es its  w id th
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(Mager, 1984). At g re a te r  d ep th s , th e  n e a r  su rface  geologic no ise 
d o m in a tes  th e  signal, (Cook, 1981). Lafehr, et al., (1981) achieved 
su ccess  detecting  tu n n e ls  by surface and  borehole gravity u sin g  the  
'repea ted  surveys' m ethod. Here it w as n ecessary  to perform  a  gravity 
survey  p rio r to th e  existence of a tu n n e l. Surveys were ru n  
periodically  and  the  tu n n e l w as detected  by a change in  the  gravity 
field. The rep ea ted  su rvey  tech n iq u e  e lim ina tes the  p rob lem  of 
anom aly  resolu tion , a lthough  the app roach  is no t applicable in  areas 
w here the  cavity locations are unknow n.
E lectrica l m eth o d s have show n lim ited su ccess  in cavity  detection , 
m ain ly  b ecau se  of poor reso lu tion  (Cook, 1981, Lowiy an d  Shive, 
1990).
Seism ic an d  electrom agnetic  m e th o d s are  applicab le in  tu n n e l 
detection , b u t  the GPR (G round P enetra ting  Radar) m ethod  is n o t a  
deep ta rg e t detec tion  tech n iq u e  b ec au se  of th e  h igh  degree of R adar 
signal a t te n u a tio n  in m ost ea rth  m ateria ls  (Dobecki and  Romig, 1985). 
Seism ic re frac tio n  an d  seism ic cro ss hole m eth o d s (Balch, e t al 1990) 
have b een  em ployed for cavity detection . The seism ic refrac tion  
m ethod  h a s  problem s of long offset w hich  in tro d u ces  no ise due to 
la te ra l inhom ogenities. The signal is dom inated  by noise. The sh e a r  
wave re frac tio n  m ethod  h a s  b een  em ployed to d e tec t shallow  
w orkings w here only a  gross b o u n d a ry  is desired.
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Good sh e a r  wave so u rces are essen tia l. The USGS (W atkins et 
al,1967) em ployed sh e a r  wave refrac tion  te ch n iq u es  to locate shallow  
su b su rface  cavities an d  m et som e su ccess  finding evidence of 
ab an d o n ed  m ines w ith in  150 feet of the  surface. They assu m ed  th a t  if 
the  SH wave w as m issing  from any  one position, yet clearly  seen  on 
b o th  sides of th a t  position, som e obstacle  like a  void or lens w as 
p resen t. H asb ro u ck  (1984) u sed  sh e a r  waves to successfu lly  locate 
narrow  E a rth  fissu res. He concluded th a t  su ch  fissu res are capable of 
severely an d  sh a rp ly  a tten u a tin g  b o th  Love and  Rayleigh waves. The 
se ism ic reflection  m ethod  h a s  p rob lem s of its  own. G etting  noise free 
d a ta  is n o t easy. The p resence  of groundroll, sca tte ring , w eak 
reflec tions from  collapsed  a rea s  or p illars are  all challenges to the  
reflection  m ethod . B ecause  reflection involves closely spaced  
observation  po in ts , it po ten tia lly  provides h igh  reso lu tion  and  
definition of cavity b o u n d arie s  becom es possible. H asbrouck , and  
Padget (1982) u sed  sh e a r  wave seism ics in  evaluating  strippab le  coal 
re so u rces  an d  concluded  th a t  it w as possib le to u se  com m on offset 
sh e a r  wave m ethod  to locate su b cro p s a t shallow  d ep th s  and  th a t  the 
m ethod  could  be u se d  in  th e  a re a s  te s ted  for d e tec ting  th e  ex ten t of 
abandoned  m ines.
T he p re se n t s tu d y  co n cern s seism ic reflection d a ta  (P an d  SH 
wave). T hese d a ta  w ere g a th ered  to exam ine th e ir  relative 
effectiveness in  de linea ting  the  u n d erg ro u n d  voids. D a ta  were 
acqu ired  u s in g  a  12- ch an n e l G eom etries E S-1210  signal
T 3 8 2 2 4
en h a n c e m e n t se ism o g rap h  an d  w ere sto red  on digital tap e  (SEG D). A 
to ta l of two lines w ere sh o t in  add ition  to a sh o r t te s t  line. The lines 
w ere o rien ted  ea s t-w est to in te rs e c t the  u n d e rg ro u n d  w ork ings 
(Figures 1.1a, 4.9). The en tire  seism ic d a ta  se t w as collected w ith  a 
o n e-p erso n  crew. Seism ic d a ta  p rocessing  w as k ep t to th e  m in im um , 
an d  the only p rocessing  w as application  of b a n d p a ss  filters.
The M arshall coal m ine a rea  is a  su itab le  site for th is  study . The area  
is located  five m iles so u th e a s t of B oulder a t  th e  in te rsec tio n  of 
H ighways 93 and  170 (Figure 1.1). The coal m ines are  abandoned  and  
su rface  co llapses are  asso c ia ted  w ith  the  m ined areas. The 
u n d e rg ro u n d  m ine m ap  inc luded  in  th is  w ork is th e  la te s t  m ap 
know n. N otes on th is  m ap  im ply th a t  th e re  w ere w ork ings com pleted 
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Figure 1.1: Site Location m ap.
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Figure 1.1a: The site. Line L-2
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GEOLOGICAL SETTING
The Fox Hills Form ation  and  overlying Laram ie Form ation  are  th e  only 
fo rm ations exposed in  th e  s tu d y  a re a  (Figure 2.1). The Fox Hills 
F orm ation  crops o u t b o th  to th e  e a s t and  w est of th e  Laram ie 
F orm ation  as  a re su lt of the Fox fault. The overlying Lower Laram ie 
F orm ation  is th e  d o m in an t rock u n it  and  the  coal beds occur in  the  
low er 100 feet of th is  F orm ation . The Late C retaceous P ierre S hale 
u n derly ing  th e  Fox Hills F orm ation  is exposed m ore to th e  w est and  
h a s  a  no rm al co n tac t w ith  the  overlying Fox Hills Form ation . The 
USGS an d  th e  US B u reau  of M ines conducted  geological investigations 
in th is  a rea  an d  drilled boreholes an d  acqu ired  u sefu l geological 
in fo rm ation  inc lud ing  the  th ic k n esses  of various rock  u n its  (Hynes, 
1985).
1. Pierre Shale
The P ierre S hale , gray  to b lack  in  color, is a b o u t 8000  feet th ick  an d  
an d  w as en co u n te red  a t a  d ep th  of 230  feet in drill hole T4 (Figure
2.2). It ex ten d s to th e  ad jacen t sec tio n  (T25S, R69W) (R ahm anian  
V.D. 1975). It h a s  conform able co n tac t w ith th e  overlying Fox Hills 
S andstone .
2. Fox Hills Form ation
The Fox Hills Form ation  is a m assive san d sto n e  an d  h as  conform able 
co n tac ts  w ith  th e  underly ing  Pierre sha le  and  the  overlying Laram ie
sn
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F orm ation . The co n tac t w ith  the  Laram ie Form ation  is m arked  a t the 
b ase  of the  first coal bed encoun tered  in th is  sequence . R ah m an ian  
(1975) suggested  th a t  the  Fox Hills S an d sto n e  in  the  M arshall a rea  
could be divided in to  two m assive san d sto n e  u n its  sep a ra ted  by a th in  
sh a le  or a  th in  coal bed, b u t bo th  san d sto n es  are  included  in  the  Fox 
Hills in  th is  th es is . The ou tcrop  th ick n ess  of Fox Hills S an d sto n e  is 
given (R ahm anian , 1975) to be ab o u t 170 feet in  th e  M arshall a rea , b u t 
th e  drill hole in fo rm ation  in  the  te s t  a rea  reveals a  th ic k n e ss  of 100 to 
125 feet ( ho les T -4 an d  PR-1, F igure 2.2). Seism ic velocity  (P mode) 
w as m easu red  by H asbrouck  (USGS) from a  downhole survey in the 
hole T-4 (Figure 2.4). His re su lts  ind icate  a  Vp ran g e  of 7 0 0 0 -9 0 0 0  
feet p e r second . S h e a r  velocity is ob ta ined  from  F igure 2 .5  (Regueiro 
an d  W hite, 1981).
3. Laramie Formation
W eim er (1973) divided th e  Fox H ills in to  th e  Lower a n d  th e  U pper 
p a r ts . Laram ie F orm ation  conform ably overlies h is  “B” san d s to n e  of 
th e  Fox Hills Form ation . Only th e  Lower p a r t is exposed in the  s tu d y  
area . The d o m in an t lithology of th e  120 feet th ick  Lower Laram ie 
F orm ation  is: 1) d a rk  gray and  brow n shale, 2) san d y  shale , an d  3) clay 
w hich con tains a b u n d a n t carbonaceous m aterial. Coal seam s occur in 
th is  F orm ation  an d  range in  th ick n ess  from  a few in ch es  to few feet 
(R ahm anian , 1975). Drill hole in form ation  (Figure 2.2) a t  the  te s t  site 
e s tab lish ed  th e  th ick n esses  of coal beds to be from  2 to 10 feet. 
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Figure 2.2: Drill hole in fo rm ation  ind ica ting  th e  th ick n esses  of 
d ifferen t rock  u n its  (Modified after USGS and  U.S. B u reau  of Mines). 
(The hole locations a re  show n on F igure 1.1).
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L ith o logy
S u r fa c e
A p p r o x im a te  v e lo c ity  
( feet/sec)













Figure 2 .3: Generalized geological cross-section of the site with  
approximate velocity information..
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Form ation.
A genera lized  geological sec tio n  w ith  app ro x im ate  se ism ic velocities in  
each  form ation  is show n in  F igure 2.3. The n ea r  su rface  velocity 
in fo rm ation  is derived from  th e  f irs t b reak s  picked from  th e  w alk  aw ay 
no ise  te s t, an d  th e  deeper in fo rm ation  from  th e  in te rv a l velocity logs 
(Figures 2 .4 , 2.5).
The te s t  site  is located over a  fau lted  s tru c tu re , b o u n d ed  by  th e  Fox 
fau lt in the w est, and  the  Pine Ridge fau lt in  the  east. The s tra ta  show  
a  un iform  dip of 3-5 degrees due east.
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DOWNHOLE SURVEY AT HOLE T I P P L E *
VERTICAL TIME FROM SURFACE IN MSEC +++++
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Figure 2.4: D ow nhole su rvey  (Pwave) a t hole T-4 (H asbrouck , 1990)
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Figure 2.5: Interval shear velocity and density at hole Marshall 2 
(Regueiro and White, 1981).
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THEORY OF THE METHOD
SIGNAL
Classical Rays:
C lassical ray  theory  of elastic  w aves is adap ted  from optics w ithou t 
change. It is a s  th o u g h  th e re  w ere a  “se ism o n ” analogous to the  
pho to n  th a t  traveled along the  rays.
W hen  th e  se ism ic  reflec tion  m eth o d  is em ployed for th e  d e tec tio n  of 
an  u n d e rg ro u n d  object, it becom es n ecessa ry  to have a n  idea of the  
la te ra l an d  vertical resolving pow er of th e  seism ic wave. T h is becom es 
even m ore im p o rtan t w hen  th e  object is sm all, su c h  a s  a n  u n d e r ­
g ro u n d  cavity. The la te ra l re so lu tio n  is es tim ated  by determ in in g  the  
ra d iu s  R, of th e  firs t F resnel zone, w hich  m ay be defined as  “the  
p o rtio n  of a  reflec to r from  w hich  reflected  energy can  re tu rn  to a 
so u rce  w ith in  o n e -h a lf  w aveleng th  of th e  firs t reflected  energy” 
(Sheriff, 1978), (Figures 3 .1 , an d  3.2). The value of R d ep en d s on 
th ree  p a ram e te rs : 1. Velocity of th e  m edium , 2. D ep th  to the  
reflector, an d  3. F requency  of th e  seism ic signal; th e se  are  re la ted  by 
th e  following equation  (Neidell a n d  Poggiagliolm 1977):
R = 0 .25V  ( t / f )1/ 2
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Figure 3.1: F resn e l zone (modified a fte r Sheriff, 1977).
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Figure 3.2: S p h erica l wave m otion  en co u n te rin g  a  flat reflector 
i llu s tra tin g  F resn e l zone reg ion  (Modified a fte r Neidal e t al., 1977).
rvo / 1 i n j / n i i 11 n t ; : i ■ i • ■ 11 : - j 111 i i m ;! m 111
i, l [ Li i  l u t u u t i  [ l ii i i .h U  i ii i i LiiJ.il i i
Figure 3.3: R eflections from  reflec to rs of lim ited  d im en sio n s.
(a) C ross sec tio n  of m odel: vertical lines are  sp aced  by  the  F resnel 
zone size, (b) S eism ic sec tio n  re su ltin g  from  trav e rse  over th e  m odel, 
(m odified a fte r  M eckel an d  N ath , 1977).
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t  = two-way travel tim e from surface  to the  u n d erg ro u n d  
ta rge t.
f = d o m in an t frequency  of th e  seism ic signal.
T h u s, th e  sm alle r value of R will provide g rea te r la te ra l details, i.e., a  
h igher la te ra l reso lu tion . A sm aller value of R for a fixed t  can  be 
achieved by:
1. In c reas in g  th e  frequency, or
2. D ecreasing  the  velocity.
In a  given geological s itu a tio n  th e  only way to reduce  the  velocity of 
th e  m ed ia  is to op t for sh e a r  wave sou rces. A lthough th e re  will be an  
in c rease  of t  co rrespond ing  to a  d ecrease  in  the  value of V, th e  t  facto r 
will be sm alle r. M eckel an d  N ath  (1977) show ed th a t, u n d e r  good 
conditions, seism ic w aves can  de tec t an  object as  sm all a s  R /4  (Figure
3.3).
For a reflected  se ism ic signal w hich  com prises h igh  a n d  low 
freq u en c ies , a  d iffe ren t p o rtio n  of th e  reflec ting  in te rface  is 
re sp o n sib le  for d ifferent frequency  com ponen ts. Any physica l change, 
su c h  as  a  d isco n tin u ity  in  a reflector, w ould affect one frequency  
co m p o n en t m ore th a n  th e  o th e r an d  w ould re su lt  in  a  d isp ro p o rtio n  of 
frequencies in  the  signal. This will ap p ea r as  a  c h a ra c te r  change in 
th e  wavelet.
S ince the  ra d iu s  of the  F resnel zone covers a  large area , a  sh a rp
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change in a  reflector will be seen  over a  relatively  larger a re a  on the  
su rface . M eckel an d  N ath  (1977) have show n th a t  th e  am p litude  of 
th e  reflec tion  d ec rease s  w ith  a  d ec rease  in  th e  la te ra l ex ten t of th e  
reflector, p a rtic u la r ly  w hen  th e  size of th e  reflec to r is equa l or sm alle r 
th a n  the  ra d iu s  of the  F resnel zone. F igure 3.3 is a  m odel s tu d y  done 
by M eckel an d  N ath  (1977) w here  th ey  s tu d ied  th e  re sp o n se  of 
d iffe ren t sizes of th e  reflector in  te rm s of th e  ra d iu s  of th e  F resn e l 
zone. They concluded  th a t  a n  object as  sm all a s  R /4  can  be identified 
on a  se ism ic record .
T his im plies th a t  a  seism ic signal w ith  a  d o m in an t frequency  of 80 Hz 
traveling  a t an  average speed  of 6200  fe e t/se c  w ith  a  tw o-way travel 
tim e of 50 m s will have R = 36  feet, and , therefo re, will be able to 
d e tec t an  object ab o u t 9 feet w ide (R/4) in  tim e-sp ace  reg ions of h igh  
s ig n a l/n o ise  ra tio s . The value of R rep re se n ts  the  a re a  of reflection 
(usually  ta k en  as a  p o in t of reflection in reflection seismology).
S teep le (1984) sa id  th a t  4 to 6 sam p les  p er R provide good coverage. 
T h u s  th e  sp a tia l sam pling  ra te  of 3 feet in  the  p re se n t s tu d y  provided 
especially  dense coverage.
V ertical reso lu tio n  of se ism ic w aves d e te rm in es  th e  m in im u m  
th ic k n ess  of an  u n d erg ro u n d  o b jec t/b ed  th a t  can  ap p ea r as  a  seism ic 
event. W idess (1973) show ed th a t  an  object of a  th ic k n ess  equal to 
1 /8  to 1 /4  w avelength  can  be seen  as a  seism ic event, w hich  im plies 
th a t  a  se ism ic wave traveling th ro u g h  coal bed  a t a  speed of 4800
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fe e t/se c  w ith  a  d o m in an t frequency  of 80 Hz will have a  resolvable 
th ic k n e ss  of 7.5  to 15 feet. And th e  seism ic wave traveling  th ro u g h  a 
co llapsed  cavity  a t a  speed  of 5800  feet p er second  w ith  th e  sam e 
d o m in an t frequency  will have a  resolvable th ic k n ess  of 9 to 18 feet. 
For a ta rg e t d ep th  of a b o u t 100 feet, the  sledge h am m er an d  steel 
p la te  com bination  can  g enera te  a  se ism ic signal of p eak  frequency  
above 80  Hz if th e  soil is com pact. The two p a rag rap h s  above im ply 
th a t  an  unco llapsed  coal m ine w ould be difficult to d e tec t a s  a  sim ple 
reflection even in  w indow s w ith  h igh  s ig n a l/n o ise  ra tio s .
D escrip tions of possib le  cavity in d ica to rs  follow:
1. Early first breaks:
Before collapse, a  su b su rface  void crea ted  by  u n d erg ro u n d  m ining  
ca u ses  a  d is tu rb a n ce  in  the  n a tu ra l s tre s s  field in  the  overlying 
m ateria l. The effect of the  s tre s s  change ca u ses  s t r a ta  deform ation  
an d  d isp lacem en t w hich , d epend ing  on th e  d im en sio n s an d  age of the  
excavation , can  ex tend  to th e  su rface . The s ta te  of s tra in  in th e  
overlying s tr a ta  above th e  void is illu s tra ted  in  sim plified form  in  
F igure 3.5. S ubsidence  is asso c ia ted  w ith  two types of m ateria l 
m ovem ent:
(1) vertically  dow nw ards in  th e  c e n te r  of th e  excavation , an d
(2) h o rizo n ta l m ovem ent to w ard s  th e  cen te rlin e  of th e  void 
(R ellen sm en n , 1957).
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Figure 3.4: S tra ta  m ovem ent re su ltin g  from  u n d e rg ro u n d  m ining. 
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Figure 3.5: Effect of su b su rface  excavation on overburden  m ovem ent 






















V3 < V1 < V4 < V2
Figure 3.6: Schem atic  d iagram  of the effect of s t ra ined  overburden  on 
velocity d is tr ibution (as a  resu l t  of void) above an  excavation, (a) 
Velocity d is t r ibu t ion  prior to excavation, (b) Velocity d is t r ibu t ion  after 
excavation.
Figure 3.7: Early first b reaks  anom aly  flanked by sags on real common 
offset data .  Common offset is 100 feet and  trace spacing  is 3 feet,
(See also Figure 3.6).
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T his m a te r ia l m ovem ent re s u lts  in  th e  developm ent of co m p ressio n  
in  th e  m iddle a n d  ex ten sio n  along th e  p e rip h e rie s  of th e  void (Figure 
3.6). The com pressiona l zone gives rise  to a  h igh  velocity anom aly  
an d , therefore , early  firs t b re a k s  flanked by  velocity lows in  the  zone of 
ex ten sio n  (re su ltin g  in  sags in  th e  firs t arrivals) (Dobecki, 1989).
S uch  anom alies m ay be encouraging, b u t no t conclusive. 
E arly -firs t-b reak  anom alies asso c ia ted  w ith  th e  u n d e rg ro u n d  cavities 
shou ld  n o t always be an tic ipated . In a  s itu a tio n  w here an  underg ro u n d  
cavity h a s  co llapsed  com pletely, all the  s tre s se s  will be re leased , and , 
as  a  resu lt, no velocity in c rease  shou ld  be expected.
E arly  first b reak s  m ay  also occur due to a localized w ate r sa tu ra tio n  
w hich  provides a  h igh  velocity zone. However, su c h  an  anom aly  w ould 
p robab ly  differ from a  cavity-related  anom aly  in th a t  th e  la tte r  will be 
flanked by sags in  th e  first b reak s  as explained in F igure 3 .6  b, and  
noticed  in  F igure 3.7.
2. Character change:
A c h a ra c te r  change h a s  been  u sed  by  som e w orkers as  a n  ind ica to r of 
u n d erg ro u n d  voids. S uch  ind ica to rs are ju stifiab le  on th e  b as is  of the  
large aco u stic  im pedance  co n tra s ts  to be an tic ip a ted  in  th e  vicinity  of a 
void. A cavity or a  loose fill w ith in  a com pact rock  is a  low velocity 
zone an d  as su c h  h a s  a  negative reflection coefficient a t  th e  rock-cavity
b o u n d ary . If th e  void is filled w ith  w a te r-sa tu ra ted  rubb le , the
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Figure 3.8: S chem atic  d iag ram  show ing a  red u ced  am p litu d e  over a 
cavity as  a  re s u lt  of red u ced  im pedance co n tra s t. The seism ogram  is 
ob ta ined  u s in g  AIMS m odeling package, w ith  vertical ray p a th  and  
trace  spacing  is 3 ft.
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im p ed an ce  c o n tra s t is betw een  th a t  of sh a le  (Vp = 6 4 0 0  f t/s e c , p=2.3)
an d  th a t  of w a te r-sa tu ra ted  ru b b le  (Vp = 5800  f t/s e c , p = 2.1) (Figure
3.8). T h u s th e  reflection coefficient is ab o u t -0 .09. F igure 3 .8  is a  
sch em a tic  depiction  of th e  effect of a  cavity u p o n  vertical rays.
A coustic s la n t ray p a th  ana ly sis (Docherty, 1988) is m ade on a sim ple 
4 -lay e r geological m odel (Figure 3.9), 375  feet long an d  130 feet deep, 
w ith  a  cavity (50 x l5  feet) a t  a  d ep th  of 90 feet. R aypath  d iag ram s 
(Figures 3 .9 a  & b) show  focusing  an d  defocusing. F igure 3 .9c ind ica tes 
th e  m ag n itu d e  of change of c h a ra c te r  due to collapse. Little change 
sh o u ld  be expected . T he p a ra m e te rs  for th e  co llapsed  void m odel 
w ere a  coal bed  (Vp=4800 fee t/sec) b o u n d ed  above an d  below by  sha le  
(V p=6400 fee t/sec), and  a  cavity in  th e  coal bed  having  a  sa tu ra te d -  
ru b b le  velocity (Vp) of 5800  fe e t/sec .
3. R esonance:
D obecki (1989) believes th a t  w h en  th e  se ism ic so u rce  is a lm o st 
vertically  above a  shallow  cavity, th e  in c id en t wave energizes th e  cavity 
w alls an d  th e  in te rac tio n  of th e  se ism ic energy w ith  th e  cavity re su lts  
in  re so n an ce . He asso c ia tes  th is  w ith  the  observed h igh  am p litude , 
oscilla tory , se ism ic signal. T he h igh  am p litu d es of re so n a n ce  (or 
w hatever) dom ina te  th e  reflected  w aves. F igure 5.2 show s a  possib le  
re so n an ce  a t  traces  126 th ru  147 on line L-2.
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Figure 3.9: R aypath  d iagram  show ing focusing and  defocusing of rays 
from  (a) th e  top of th e  cavity, and  (b) from th e  bo ttom  of the  cavity.











Figure 3.9c: C o m m o n  offset (100ft) se ismic  sec t ion  (model) with 
rubble-filled cavity bounded  by shale.
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H adse ll (1990) feels th a t  m ore w ork  n eed s to be done to e s ta b lish  th is  
effect a s  a  re so n a n ce  w ith in  th e  u n co llap sed  void. However, he  feels 
th a t  if th e  so u rce  is in  th e  collapse ch im ney th e n  th a t  collapse m ay 
suffic ien tly  m odify the  firs t layer wave guide to explain  th e  oscilla tory  
signals.
4. Diffractions:
D iffractions ap p e a r  a t  th e  seism ic d isco n tin u ities . A geophone located  
d irec tly  above th e  u n d e rg ro u n d  cavity is th e  firs t to sen se  the  
d iffracted  se ism ic wave. The a rriva l tim e will be delayed a s  the  
geophone m oves aw ay from  th is  spo t. T herefore, th e  cavity 
location  is expected  a t th e  apex  of th e  d iffraction  (Figure 3.10). T his 
p h en o m en o n  m igh t be difficult to observe in  a  s itu a tio n  w here th e  
im p ed an ce  c o n tra s t is low, or w h en  th e  d iffractor is sm all. The logical 
d ifference betw een  sc a tte rin g  an d  d iffraction  is often  obscu re .
5. High am plitude anom alies on SH data:
S h e a r  w aves will show  a  n e a r- to ta l reflection from  th e  cavity  ceiling if 
th e  cavity  is air-filled  or w aterfilled  (Steeple an d  M iller, 1984). S h ea r  
w aves do n o t p ropagate  th ro u g h  flu ids becau se  the  sh e a r  m o d u lu s of 
flu ids is zero an d , therefore, a  n e a r  to ta l reflection  ta k e s  p lace a t th e  
cavity  ceiling, giving rise  to a  h igh  am plitude  anom aly  for large voids.
A h igh  am p litu d e  anom aly  is noticed  (boxed) on th e  sh e a r  d a ta  se ts  a t 
traces  25 -34  a t 145 m s (Figure 5.11).
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6. Scattering
U n d erg ro u n d  w orkings along seism ic line-1 have p resu m ab ly  
collapsed  as  is ev ident from  th e  su rface  fea tu res . The ru b b le  is 
expected  to be  w a te r-sa tu ra te d . The velocity of th is  ru b b le  is, 
th e re fo re , expected  to be sligh tly  h ig h e r th a n  th a t  of th e  w ater; th e  
velocity in  w ate r is a b o u t 5000  fee t/sec . The voids m ay ac t as  low 
velocity  ellip so idals w ith in  th e  h o s t rocks, w hich  are  p en e trab le  by the  
seism ic w aves. The ex istence of su c h  a n  ellipsoidal serves as  a  
d isc o n tin u ity  in  th e  e lastic  p ro p erties  an d  d is tu rb s  th e  in c id en t wave, 
and , as  a  resu lt, w aves of b o th  types, longitud inal and  transverse , are 
sc a tte re d  from  th e  obstacle . S u ch  anom alies (ellipsoidals) m ay, 
th e re fo re , be  te rm ed  a s  s c a tte re rs  r a th e r  th a n  re flec to rs  (Kiriaki, 
1989). T his effect is show n in  F igure 3 .9 a  an d  b.
NOISE
O ne w ay to s tu d y  the  noise of th is  problem  is to u se  generalized ray  
th eo ry  or som e o th e r ap p ro ac h  th a t  reveals th e  m u ltip ly  reflected  
refractions. A no ther w ay to s tu d y  it is in  te rm s of m ode analysis , i.e., 
ev an escen t w aves. B oth  ap p ro ach es  reveal th e  effect of the  LVL on the  
data.
G eneralized Rays:
S y n th e tic  se ism o g ram s are  u se d  for th e  in te rp re ta tio n  of se ism ic d a ta . 
G eneralized  ray  theory  is one of several m odeling ap p ro ach es  th a t  can
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be em ployed. The sim p lest is th e  c lassica l ray  theory . T his th eo ry  is 
sim ple b u t h a s  d isadvan tages; for exam ple, c lassical rays do n o t 
a cco u n t for h ead  wave am plitudes, su rface  waves or v arious n e a r  field 
effects. N um erical m odeling  tech n iq u es , su c h  as  th e  finite d ifference 
m ethod , have the  advan tage th a t  all wave types can  be ob ta ined  in one 
seism ogram . This is also th e  p rim ary  d isadvan tage, i.e., it is n o t 
possib le  to iso late various types of the  w aves in  ind iv idual events 
(Kem eir, 1979).
T he in te g ra ls  th a t  com pletely  describe  th e  e lastic  w aves in a  layered, 
iso trop ic , h a lf  sp ace  can  be n am ed  accord ing  to ray n am es (Spencer, 
1960); for exam ple , P1P2P2P1 (Figure 3.11) re fers  to a  co m p ress io n a l 
so u rce  in th e  firs t layer and  its  excitation of b o u n d a ry  1 a s  a  secondary  
P source . T his secondary  sou rce  rad ia te s  w aves th a t  excite b o u n d ary  
2, an d  so on. The P1P2P2P1 in teg ra l in c lu d es a  k in em atic  
d isco n tin u ity  th a t  could be estim ated  via p lane  wave theory. A 
ray n am e  P1P2P3S3S2S1 refers to a  wave fron t o rig inating  from  a  
co m p ressio n a l sou rce  in layer 1, tra n sm itte d  in to  layer 2 an d  th e n  to 
layer 3 in  P m ode, converted  to a  vertically  polarized  sh e a r  wave u p o n  
reflec tion  from  layer 3, a n d  reflected  b ac k  to  th e  receiver in  layer 1. 
All ray n am es can  be g enera ted  by  a  co m p u ter afte r th e  u se r  specifies a 
few in p u t p a ram ete rs . A se t of ray n am es having  a  given n u m b e r of legs 
an d  m ode conversions can  be g en era ted  by  specifying th e  m ax im um  
n u m b e r  of legs an d  w h e th e r m ode conversions a re  to be allow ed on 
reflec tio n  only, on tra n sm is s io n  or reflection , or d isa llow ed (Kemeir
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Figure 3.11: Schem at ic  i l lus tra t ion  of different wave species and  
su b sp ec ie s  observed in GRAY modeling: (a) Head waves P 1 P 2 P 1 , 
Reflected waves P1P1 a n d  P1P2P2P1, (c) Converted waves 
S 1S2P3P2P1  an d  P1P2S2S1.
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1979).
------------------------ b o u n d a ry  0
Layer 1
------------------------ b o u n d ary  1
Layer 2
------------------------  b o u n d ary  2
Layer 3
(Figure 3.11).
GRAY is a  g roup  of co m p u te r p ro g ram s w ith  w hich  we com pu te  som e 
of th e  v ario u s species an d  su b sp ec ie s  of e lastic  w aves (Hadsell, 1977). 
The GRAY p ro g ram s com pute  arrival tim es a n d  w eights of s in g u la r  
d is tr ib u tio n s  re p re se n tin g  th e  k in em atic  d isc o n tin u itie s  th a t  give 
re so lu tio n  to th e  e lastic  wave field. The k inem atic  d isc o n tin u itie s  are  
su rfa c e s  (not b o u n d arie s) w here th e re  is a  change in  p artic le  m otion. 
T hese  s in g u la r  d is tr ib u tio n s  m u s t be convolved w ith  a  “b asic  w avelet” 
for display.
We repea t: th e  ray n am es su c h  as  P1P2P2P1 etc. are  th e  n am es of the  
in teg ra ls  th a t  we u se  in  m odeling. T hese in teg ra ls  are  n o t eva luated  
num erica lly , b u t  th e  w eights of s in g u la r  d is trib u tio n s  derived from  
th e se  in teg ra ls  are  u se d  to re p re se n t k in em atic  d isco n tin u itie s .
S ince c lassica l ray  th eo ry  is n o t em ployed, th e  w avelength  c o n s tra in ts
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are  no longer applicab le.
T he g en e ra  (Hadsell, 1977) are  P, SV an d  SH. T he availab le species 
are  th o se  th a t  can  be n am ed  in  te rm s of classical rays. For exam ple, 
th e  species P1S2 could inc lude as  a  su b -sp ec ies  th e  head  wave 
P 1P 2S 2 , if th e  w ave speed  P2 is g rea te r  th a n  P I (Lee, 1983).
T he following e a r th  m odel is u se d  for P, SV an d  SH re p re se n ta tio n s  in 
th e  sy n th e tic  se ism ogram  of the  w alkaw ay noise test:
Laver # (ft/sec V„ (ft/sec ) -P_ Z (ft)
1 1150 400 1.6 10
2 5500 1900 2.0 23
3 6400 2300 2.3 60
4 4800 2000 1.2 infinity
Note th a t  for th e  p u rp o ses  of GRAY th is  is th e  sam e m odel th a t  we 
u sed  for th e  m ode analysis.
T he in te rp re ta tio n  of F igure 4 .2 /4 .2 a  will n o t be com plete w ith o u t the 
GRAY m odeling. GRAY sy n th e tic s  help  identify  all th e  k in em atic  
d isco n tin u ities , b u t  n o t all of th e  su b sp ec ies. For exam ple, th e  
Rayleigh w aves, an  ev an escen t species, are n o t inc luded . F igure 3 .12
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is th e  sy n th e tic  se ism ogram  for a no ise te s t  w ith  a  P sou rce . The n e a r  
an d  far offsets w ere k ep t iden tica l to the  a c tu a l field layout. The 
n u m b e r  of tra c e s  in  th e  sy n th e tic  are  red u ced  to one-ha lf (by doubling  
th e  sp ac in g  betw een  traces) b ecau se  of th e  p rogram  c o n s tra in ts . A 
ca ta log  of ray n am es an d  p ro p erties  of asso c ia ted  k inem atic  
d isco n tin u itie s  can  be seen  in  A ppendix  A. The ray n am es give a  
d e ta iled  a c c o u n t of th e  converted  m odes in ad d itio n  to P m odes. The 
h e a d  w aves are  d is tin g u ish ed  as P1H1P1. In th e  p referred  n o ta tio n  of 
F igu re  3 .11 P1H1P1 w ould  be referred  to a s  P1P2P1. P1H2P1 w ould 
be referred  to as P1S2P1, a n  event th a t  is possib le  only if sh e a r  speed 
of th e  seco n d  layer is g rea te r  th a n  th e  co m p ressio n a l speed  of the  
firs t. T he d irec t wave is re ferred  to a s  P I a n d  th e  reflec tion  from  th e  
th ird  in te rfac e  (for exam ple) a s  P1P2P3P3P2P1. T h is reflec tion  
co rre sp o n d s  to th e  u p p e r  coal in te rface  an d  is reco rded  a t 45 -5 0  
m sec . (A ppendix A).
A se p a ra te  sy n th e tic  noise se ism ogram  w as ob ta ined  w ith  an  SV 
so u rce  u s in g  th e  sam e p a ram e te rs  (Figure 3.13). A catalog  of 
ray n a m es  an d  p ro p erties  of a sso c ia ted  k inem atic  d isco n tin u itie s  is 
given in  A ppendix  B. E ven ts w ith  h igh  am p litu d e  no ticed  on F igure 
3 .12  an d  3 .13  o ccu r a t ab o u t th e  sam e tim e, ind ica ting  th a t  th e  travel 
tim e of P-SV or SV-P conversions is th e  sam e for th e  sam e n u m b e r  of 
legs.
The sam e ea rth  m odel also w as u sed  to ob ta in  syn the tic  d a ta
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acq u is itio n  se ism ogram s, w ith  P an d  SV sou rces. H ere, th e  n e a r  offset 
w as 100 feet, th e  far offset, 133 feet an d  spacing  b etw een  th e  
receivers w as 3 feet. T he n u m b e r  of receivers w as twelve. F igure 3 .14  
is th e  sy n th e tic  se ism ogram  w ith  a  P source . The ray n am es  an d  th e ir  
arrival tim es can  be seen  in  A ppendix C. For th e  p u rp o se  of an  
u n am b ig u o u s  iden tifica tion  of events in  the  shallow  p a rt, th e  firs t 75 
m s of th e  d a ta  from  Figure 3 .14  are displayed in  F igure 3 .1 4 a  u sin g  a 
th re e -p o in t b as ic  w avelet. The m ain  events are  iden tified  as P1H1P1, 
P 1 P 2 P 2 P 1 , P 1P 2P 2P 2P 2P 1 , P 1P 2P 3P 3P 2P 1 , P1H 1P1P1P1 a n d  
P1S2H 1S2P1. F igure 3 .1 4 a  reveals th a t  if we sen d  a  d o u b le t in to  the  
g ro u n d , a n d  if th e  reflector is located  a t  a  shallow  d ep th , if th e re  is no 
noise in  the  da ta , an d  if th e  d a ta  are  high frequency, th e n  we can  u se  
th e  com m on offset m ethod  an d  possib ly  identify  th e  events. B u t th is  
s itu a tio n  seem s to involve too m an y  “ifs,” ren d erin g  th e  p rac tice  
a lm o st im possib le . F igure 3 .15  is th e  sy n th e tic  w ith  an  SV sou rce  and  
is cataloged in A ppendix D. F igure 3 .16  show s the real d a ta  displayed 
on th e  sam e scale as  th e  sy n th e tic s  of F igures 3 .14  an d  3 .15 . Close 
prox im ity  of even ts on th e  sy n th e tic s  w ith  those  on th e  real d a ta  
reveals th a t  (1) th e  e a rth  m odel u sed  is close to th e  real su b su rfac e  
lithology an d  (2) th e  GRAY m odeling help s one iden tify  th e  v ario u s 
wave types.
T he GRAY an a ly sis  facilita tes identification  of various events on the  
field d a ta  th a t  w ere p e rh ap s  n o t th o u g h t of.
T 3 8 2 2
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RRST
RRST is u sed  in  th e  following tex t as  an  abbrev iation  for R eflec ted  
R efrac ted  S ignal T ra in s . H ere we refer to th e  wave form  th a t  is a  
so lu tio n  to th e  wave eq u a tio n  an d  is com posed of a  h ead  wave from  the  
bo tto m  of th e  firs t layer an d  all of its m ultip les. If th e  im pedance  
c o n tra s t a c ro ss  th e  firs t in te rface  is h igh, th e  RRST effect will be 
s tro n g  (Figure 3.17). F igure 3 .18  is th e  sch em atic  illu s tra tio n  of RRST 
plot.
RRST can  be con fused  w ith  th e  reflec tions from  d eep er b o u n d a rie s . 
T he reflec tions m ay  be identified  by  typ ical n o rm al m oveout th a t  
re d u c e s  w ith  th e  in c re a s in g  reflec tion  tim e. RRST, reflec tion  a n d  a ir 
b la s t  a re  identified  in  F igure 3 .19 .
E vanescent Waves
We have considered  th e  perspective  of c lassica l ray s  (seism ons) an d  
genera lized  ray s  (k inem atic  d isco n tin u ities). We will now  co n sid er the  
perspective  of guided w aves; i.e., w aves th a t  quickly  fade ou tside  of a 
p a r tic u la r  layer or su ite  of layers. W aves th a t  fit th is  perspective are 
te rm ed  ev an escen t. M ost of th e  la te  energy reco rd ed  a t  M arsh a ll is 
th o u g h t to be evanescen t.
D ispersive  p ro p e rtie s  of gu ided  w aves w ere expected  to provide 





La ye r  2
Figure 3.17: RRST. Effect of layer 2 is greater.
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RRS T
Figure 3 .18: Schem atic  i l lustration of RRST plot. See also Figure 3.17.
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AIR BLAST
Figure 3.19: RRST, reflection (from top of Fox Hills s ands ton )  and  
b la s t  identified on ZZ seismic data .  Shot  record on the  left is from 
se ismic line L-l  an d  th a t  on the  r ight is from the  line L-2
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w ave speed , or a  co m p o n en t thereof, ch an g es  w ith  frequency . Two 
m e a su re s  of velocity are  u se d  to describe th e  w ave p ro p ag atio n  in  th e  
case  a t  h an d : th e  p h a se  velocity (or a p p a re n t ho rizon ta l velocity) and  
th e  g roup  velocity (Sengbush , 1983). F igure 3 .2 0  is th e  d isp e rs io n  
curve for Love w aves derived from  th e  following e a r th  m odel:
Laver # (F t/sec) V . (F t/sec ) Sp Gravitv T h ic k n e ss
1 1150 400 1.6 10
2 5 5 0 0 1900 2.0 2
3 6 4 0 0 2 3 0 0 2.3 60
4 4 8 0 0 2 0 0 0 1.2 10
5 6 4 0 0 2 3 0 0 2.3 infin ity
T his is the  e a rth  m odel u sed  by  GRAY w ith  the  add ition  of a  sha le  ha lf­
space. P hase  velocity is p lo tted  ag a in s t wave period  in  figure 3 .20 .
T he m in im um  an d  th e  m axim um  v alues of th e  period  along th e  X-axis 
a re  25  m s a n d  59 m s respectively . T he m in im u m  an d  m ax im um  
v alu es of velocity along the  Y- axis are 190 f t /s e c  an d  2980  f t/s e c  
respectively . The well know n Airy p h ase  show s two ab n o rm a l 
ch a ra c te ris tic s  in th is  d iagram : (1) it is u n u su a lly  b ro ad  (ranging from 
a  period  of 28 m s to 33 ms) an d  (2) it h a s  a  very  low g roup  velocity 
(200 f t/se c ) . The very  low velocity  even ts  observed  in  th e  la te r  p a r t  of 
th e  se ism ic sec tion  of F igure 5.11 m ay  be Airy p h a se s  a sso c ia ted  w ith  
th is  g roup  velocity m in im um .
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D ispersion  cu rves for th e  Rayleigh wave are show n in  F igure 3 .21 . The 
m in im um  an d  m ax im um  v alu es  of th e  wave period are  34  m s an d  64 
m s along th e  X -axis. The two lim iting values of th e  wave speed  along 
Y-axis are  2 4 0  f t /s e c  an d  2980  f t/se c . Here th e  Airy p h ase  is m ore 
n arro w  th a n  for th e  Love w aves, b u t now here n e a r  a s  sh a rp . Again the  
Airy p h a se  in d ica te s  th e  p rese n ce  of very  low frequency  even ts in  the  
d a ta . S u ch  low frequency  events w ith  a velocity of ab o u t 400  f t/s e c  are 
reco rd ed  in th e  la te r  p a r t  of th e  ZZ se ism ic sec tio n s  (Figures 5.1 an d  
5.6).
T he s h e a r  velocity  of th e  firs t layer is largely  h id d en  from  th e  
aco u stic s ; how ever, it d ram atica lly  affects th e  ap p e a ran c e  of the  
com m on offset se ism ogram s. C om pare F igures 3 .20 , 3 .2 0 a  an d  3.21, 
3 .2 1 a . T he “a ” figu res differ from  th e  o th e r d isp e rs io n  cu rv es only in 
th a t  th is  sh e a r  velocity in  th e  firs t layer w as changed  from  400  f t/s e c  
to 550  f t/s e c . T hese cu rves are  u sed  for th e  p u rp o se  of qualita tive  
in te rp re ta tio n  only. T hey e lu c id a te  th e  s tr ik in g  d ifferences in  th e  
group  an d  p h ase  velocity curves cau sed  by a  sm all change in  the  sh e a r  
wave velocity in  th e  LVL.
The d isp e rs io n  curves have been  genera ted  u s in g  th e  MODAL ana lysis  
p rogram  (B ahavar, 1980). D ispersion  curves for Love an d  Rayleigh 
w aves ca n  be g en era ted  from  an  in p u t of a  geological m odel in  w hich  
each  layer is ch a rac te rized  by  com pressiona l wave velocity, sh e a r  wave 
velocity, d en s ity  an d  th ick n ess .
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T he zone of in te re s t in th is  m odeling  is the  LVL. The P wave velocity 
for th is  layer w as ob ta ined  from  th e  no ise sp read , an d  th e  sh e a r  wave 
velocity  from  a  re frac tio n  sp rea d  (Figure 4.2b). T hese velocities are  by 
no  m e a n s  rep re se n ta tiv e s  of th e  LVL along  th e  se ism ic lines. T he 
th ic k n e ss  of th e  LVL an d  th e  sh e a r  velocity th e re in  m ay  vary  
d ram a tica lly  over sh o r t la te ra l in te rv a ls  due  to cav ity -re lated  co llapses 
in  th is  a rea . T herefore, th e  effect of LVL, w h ich  is ra th e r  
u n p red ic tab le , m ay  ca u se  d ram atic  change in  th e  seism ic section .
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DATA ACQUISITION 
S eism ic Wave Types
In e la s tic  w ave m odeling  for “lay e rcak e” geology, th re e  types of w aves 
m ay  be observed  in  iso trop ic  m a teria ls : th e  co m p ressio n a l (P) body 
w aves, sh e a r  (S) body  w aves, an d  Rayleigh an d  Love evan escen t waves. 
T he P a n d  S w aves m ay  be observed as re frac tio n s or reflections. 
Rayleigh a n d  Love w aves are  su rface w aves an d  guided w aves w hich  
a p p e a r  a s  g ro u n d  roll on seism ic records. E ach  of th e se  w aves cau ses  
a  p a rtic le  m otion  in  th e  E a r th ’s m a te ria l w hose d irec tio n  of 
d isp lacem en t d ep en d s u p o n  th e  type of wave. In th e  case  of P w aves, 
th e  d irec tio n  of p a rtic le  d isp lace m en t is in  th e  d irec tio n  of w ave 
p ropagation  an d , th u s , it c a u ses  com pression  an d  d ila ta tion  in  th e  
m edium . S h ea r w aves cau se  m ovem ent of E a r th ’s m a te ria l in  a  p lane 
p e rp e n d ic u la r  to th e  d irec tio n  of p ro p ag a tio n  w h ich  can  be e ith e r  
v ertica l (SV) o r h o rizo n ta l (SH). In th e  far field n e a r  th e  su rface , 
Rayleigh w aves ca u se  a n  elliptical m otion  in  th e  p lan e  of th e  so u rce  
a n d  th e  receiver w h ich  is p e rp en d icu la r  to th e  E a r th ’s su rface . Love 
w aves a re  the  SH guided w aves.
U n fo rtu n a te ly , th e  th eo re tica l wave types a re  n o t reco rd ed  se p a ra te ly  
in  th e  field. O ne reco rd s  one co m p o n en t of p a rtic le  m otion  d u e  to a  
p o in t body  force th a t  is in  one d irection . If, for exam ple, b o th  th e
T 3 8 2 2
Figure 4.1: XYZ coordinates to il lustrate various wave types.
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so u rce  an d  receiver are  ho rizon ta l, th e n  S H -propagation  ta k e s  place 
for all offsets in  a  perfectly  layered ea rth .
In F igure  4.1 , th e  d irec tio n  of se ism ic line is re p re se n te d  by  X, the  
d e p th  by  Z, an d  th e  d irec tion  p erp en d icu la r  to th e  XZ p lan e  by  Y. The 
Y d irec tion  is te rm ed  tran sv e rse . A section  ob ta ined  u s in g  a  vertical 
so u rce  an d  v ertica l rece ivers m ay, therefo re , be ca lled  a  MZZ” section . 
C onverted  SV w aves will ap p ea r if th e  source po larization  is in  th e  X 
d irec tio n  an d  th e  receiver p o la riza tio n  is in  th e  Z d irec tio n  or vice 
v ersa . SH type is em p h asized  w hen  b o th  th e  so u rce  an d  th e  receiver 
a re  po larized  in th e  Y d irec tion . T herefore, a  reco rd  o b ta in ed  u s in g  a  
tran sv e rse ly  po larized  so u rce  an d  tran sv e rse ly  po larized  receivers m ay 
be called a  “YY” section . Sym m etry  a s su re s  th a t  SH w aves do n o t have 
conversion  m odes in  “lay e rcak e” geology. T he role of SH wave type in  
eng ineering  geophysics is v ital b ec a u se  of th is  p roperty .
Field Param eters
Im p o rta n t p a ra m e te rs  to  be co n sid ered  in th e  design  of a  com m on 
offset se ism ic p ro g ram  are:
1. M in im um  so u rce -to -rece iv er offset,
2. M axim um  so u rce -to -rece iv er offset,
3. S am pling  in terval,
4. M axim um  reco rd in g  tim e (record leng th),
5. F ield filter se lec tion ,
6. G eophone spacing , and
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7. S p re a d  Type
T he m in im u m  a n d  m ax im um  so u rce-to -rece iv er offsets are  e s tab lish ed  
by  w alkaw ay noise te s t u sin g  th e  o p t i m u m  z o i n d o z v  te c h n iq u e  of H u n te r  et
al. (1984). They p roposed  th a t  we place geophones a t  su c h  a n  
o p tim u m  lo ca tio n  from  th e  so u rce  th a t  th e  reflec tions from  th e  ta rg e t 
h o rizon  arrive  e ith e r  before or a fte r th e  g ro u n d  roll, an d  a fte r th e  firs t 
re fra c te d  ev en t a n d  th e  re frac te d -re flec ted  s ig n a l- tra in  (RRST)
(Figure 4.2). G eophone sp ac in g  is b ased  on th e  n u m b e r  of geophones 
to  be  u se d  w ith in  th e  op tim um  window, an d  th e  choice of su b su rface  
sp a tia l reso lu tion . The sp a tia l sam pling  (the sh o t interval) w as an  
im p o rta n t co n s id era tio n  in  th is  w ork  a s  d isc u sse d  in  th e  c h a p te r  on 
"Theory of th e  M ethod." T his sp a c in g  w as k ep t a t  th re e  feet for 
a d e q u a te  sam p lin g  of th e  reflector.
T he tem p o ra l sam p lin g  in te rv a l w as a  fu n c tio n  of reco rd  len g th  on th e  
se ism o g rap h  u sed , w here a  to ta l n u m b e r  of 1024 sam p les  w ere 
au to m a tica lly  ta k e n  on a  se lec ted  reco rd  leng th . T he dynam ic range  
of th e  in s tru m e n t w as approx im ately  60 db. w ith  a  10-bit w ord 
m em ory  a n d  1024 sam p les  on each  ch an n e l. A reco rd  len g th  of 500  
m s, for exam ple, w as reco rded  w ith  a  sam pling  in te rva l of a lm o st 0 .5  
m s. T he N yquist frequency  for th is  sam p lin g  in te rva l w as 1000 Hz.
T he H am m er so u rce  signa l w as well below  th is  lim it; th e re fo re , no 
a liasing  w as involved in  th e  d a ta  acqu isition . The d a ta  record ing
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len g th  of 500 m s w as p referred  in  o rd er to exam ine th e  su rface  wave 
velocity v a ria tio n s  asso c ia ted  w ith  cav ity -re lated  co llapses. S ince 
su rface  w aves a re  low velocity even ts, a  50 0 -m s long se ism ic  record  
w as ap p ro p ria te  for th e ir  s tu d y  for th e  sp read  u sed .
Walkaway N oise T est
A w alkaw ay no ise te s t  is a n  ac tu a l te s t  of th e  seism ic resp o n se  of the  
su b su rface . S ince field cond itions vary  from  a re a  to area , th is  te s t 
p rov ides specific in fo rm atio n  for th e  se lec tio n  of field p a ra m e te rs . 
W alkaw ay no ise te s ts  help  one to d is tin g u ish  sign ifican t events from  
co h e ren t no ise  a n d  e s tim a te  th e  relative am p litu d e  of th e  signal.
F igure 4 .2  show s th e  w alkaw ay noise te s t  co n d u c ted  a t  th e  M arshall 
te s t  site . T his w as a  ZZ test; i.e., vertical h am m er blow  in to  vertical 
geophones. In re tro spec t, a  YY w alkaw ay sh o u ld  also have been  
co n d u c ted . A sledge h am m er and  a  steel p la te  w ere u sed  as  a  source , 
an d  single 50-H z v ertica l geophones a s  receivers. G eophone 
sp ac in g  w as k ep t a t th ree  feet. T he firs t reco rd  w as ob ta in ed  a t  a  
m in im u m  offset of 10 feet w ith  a  30-Hz, low c u t 12 d b /o c t  filter 
app lied . T he rem ain in g  fo u r reco rd s w ere o b ta in ed  by  successively  
m oving th e  sh o t location  by  30  feet fa r th e r  ou t. A gain in  re tro sp ec t, it 
w ould  have b een  b e tte r  to move th e  geophones to avoid ch an g es in  th e  
n o n -lin e a r  so u rce  region. The site  for th is  te s t  w as se lec ted  o u ts id e  of 
th e  reg ion  in d ica ted  a s  m ined  in  F igure 4 .9 . T here  m ay  well be m ines 
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Figure 4.2b: YY refrac tio n  profile. Near offset is 3 ft. an d  geophone 
spacing  is 3 ft. is 300  f t /s e c  an d  is 450  f t/s e c . D epth  to the























































































T 3 8 2 2 64
assu m ed  on th e  b as is  of p relim inary  m odeling to be a t 50 m s a t  an  
offset of 100 feet a s  ind ica ted  by  F igure 2.1 an d  2 .2 . We ca n n o t specify 
th is  travel tim e very accu ra te ly . F igure 2 .4  in d ica tes  a  no rm al 
inc idence  2 -way travel tim e of ab o u t 35 m s. T h is su p p o rts  th e  50 m s 
tim e for a  100 foot offset, b u t  also in d ica tes th e  u n c e rta in ty  involved.
U n fo rtu n a te ly , th is  reflec tion  w as still in  th e  m u ltip ly  reflected  
re frac ted  sig n a l tra in  (RRST). N evertheless, we in itia lly  believed th a t  
we could  iden tify  th e  d es ired  reflection  a t  ap p ro x im ate ly  50  m s travel 
tim e a n d  100 foot offset. T he “o p tim u m  w indow ” w as h en c e  se lec ted  
to be 4 5 -7 0  m s an d  100-130  feet for fu r th e r  d a ta  acq u is itio n . T his 
offset a lso  m a tch ed  th e  ta rg e t d ep th , b ec au se  in  com m on offset 
sh o o tin g , th e  so u rce -rece iv e r offset is  k ep t m ore or le ss  co m p arab le  
to th e  ta rg e t d ep th . (S teep les, 1984).
F igure  4 .3  is th e  in te rp re ta tio n  of th e  no ise  te s t  in  te rm s  of velocities 
of v a rio u s wave tra in s . D irect arrivals, refractions, RRST, a ir wave and  
g ro u n d  roll have b een  d is tin g u ish ed  from  th e  no ise te s t. T hey all 
provide b a s is  for p a ra m e te r  selection.
F ilter T est
F ilte r te s ts  w ere ru n  on th e  d a ta  acqu ired  w ith  th e  a ssu m ed  op tim um  
offset. Seven d isp lays w ere ob ta ined  each  w ith  a  low -cu t filter of OUT, 
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T he p an e l on  th e  r ig h t h a s  no filter applied . A 60 Hz low -cu t filter 
(12 d b /o c t)  provided b a lan ce d  re su lts  in  re ta in in g  th e  low frequency  
su rface  w aves an d  also filtering o u t som e lower frequency  
in te rfe re n c e s . In  re tro sp e c t, th e s e  very  low freq u en c ie s  w ere 
p ro b ab ly  Airy p h a se s . T h is filter (60 Hz low -cut) w as, therefo re, 
se lec ted  for d a ta  acq u isitio n . A pplication  of h ig h e r o rd er 80  Hz low 
c u t filter p rov ides h ig h e r frequency  d a ta  b u t  w as n o t adop ted  for fear 
of losing  low frequency  su rface  wave in form ation  d u rin g  d a ta  
acquisition .
B ased  on th e  field te s ts , th e  following field p a ra m e te rs  w ere se lec ted  
for ZZ an d  YY d a ta  acquisition:
N ear offset: 100 ft.
F ar offset:
G eophone sp ac in g  
R ecord  len g th : 
S am pling  in terval: 
R eco rd in g  filter: 
G eophone frequency: 
Source:
60 Hz low-cut.
50 Hz (P), 14 Hz (SH).
22 lb sledge h am m er an d  
stee l p la te s  (1 x  8 x  8) in ch  for ZZ 
and  (3 x  9 x  14) inch  for YY data. 
Com m on offset.
3 ft.
0 .5 m s.
500 m s.
133 ft.
S p read  type:
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For ideal com parison  of P an d  SH wave data , th e  ra tio  of n a tu ra l 
frequencies of P an d  SH geophones sh o u ld  be ab o u t th e  sam e as th e  
ra tio  of P an d  SH velocities in  th e  a re a  (G arotta, 1985). The Vs and  
Vp ra tio  w as a lm o st 1:3 a t th e  te s t  site . The P an d  SH geophone 
frequency  ra tio  did n o t m a tch  th e  velocity ratio , b u t  w as th o u g h t to be 
close enough .
Com m on Offset Shooting
In com m on offset d a ta  acqu isition , each  ind iv idual record  h a s  th e  
sa m e  so u rce -rece iv e r offset (Figure 4.5). Twelve g eo p h o n es w ere 
sp re a d  in  a  line w ith  th ree -fo o t sp ac in g  betw een  th e  ad ja ce n t 
geo p h o n es. T he so u rce  w as p laced  100 feet from  th e  n e a r  geophone, 
all th e  ch an n e ls  gain  w as fixed a t 42 db, an d  a  h igh  p a s s  filter of 60  Hz 
w as app lied  to each  ch an n e l. R ecording len g th  w as fixed a t  500 m s., 
w h ich  provided  th e  sam p lin g  in te rv a l of 0 .5  m s. D a ta  w ere reco rded  
on  all th e  12 c h a n n e ls  w ith  ten  vertical s ta ck s  (ham m er blows) a t  each  
sh o t po in t, an d  afte r sav ing  the  d a ta  on th e  digital tape, th e  firs t 
ch a n n e l w as frozen an d  th e  d a ta  w ere cleared  from  all th e  rem a in in g  
ch a n n e ls . T he second  sh o t w as advanced  by  th ree  feet tow ards th e  
sp rea d , h it 10 tim es an d  th e  d a ta  saved on the  second  ch an n e l. After 
c learin g  th e  rem a in in g  ch a n n e ls , d a ta  w ere o b ta in ed  from  th e  th ird  
sh o t an d  saved on th e  th ird  ch an n el, u n til d a ta  from 12 su b se q u e n t 
sh o ts  w ere saved on 12 co rresp o n d in g  ch an n e ls . W hen all th e  12 
c h a n n e ls  w ere recorded , th e  d a ta  w ere saved on th e  d ig ital tap e .
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R 1
S1 S2 S3 S4 S5 R2 R3 R4 R5
* ** * *
Figure 4.5: Field te ch n iq u e  for com m on offset reflec tion  d a ta  
acqu isition . S h o t S I  is recorded  by receiver R l, S2 by R2 and  so on.
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A fter th a t ,  all th e  vertica l (Z) g eo p h o n es w ere rep laced  w ith  Y 
geophones an d  th is  tim e com m on offset YY d a ta  w ere acq u ired  on all 
th e  12 ch a n n e ls  a n d  saved on th e  d igital tape. The en tire  sp read  of 
12 geo p h o n es w as th e n  m oved to th e  n ex t position , w ith  th e  f irs t 
g eophone th re e  feet beyond  w here  th e  la s t  one w as, an d  th e  w hole 
p ro cess  w as rep ea ted . D a ta  w ere saved on  tap e  each  tim e w hen  all the  
12 c h a n n e ls  w ere reco rd ed . S h o t re co rd s  for each  12-geophone 
sp re a d  (ZZ an d  YY) w ere saved  to derive velocity in fo rm ation  of v arious 
even ts  in  ad d itio n  to th e  com m on offset d a ta .
SH Data A cquisition
In o rd e r to acq u ire  h o rizo n ta lly  po larized  s h e a r  (SH) d a ta , th e  
rece iv ers w ere so o rien ted  th a t  th e ir  axes rem a in ed  tra n sv e rs e  to  th e  
se ism ic line a n d  th e  d irec tion  of h am m er blow s w as also  tra n sv e rse  to 
th e  se ism ic  line (YY). G eophones w ere k ep t leveled w h en  p la n te d  an d  
ca re  w as ta k e n  to p lace th e  sam e po larity  end of each  ph o n e  facing the  
sam e d irection . In SH d a ta  acqu isition , an  im p o rtan t goal is to cancel 
P w ave no ise w hile en h an c in g  th e  s h e a r  wave signal. T his w as 
achieved by a lte rn a tin g  th e  blow s by 180 degrees an d  a  su b se q u e n t 
s ta c k in g  of s igna l w ith  reversed  p o la rities . T en h a m m er blow s on 
e ith e r side  of a  70 lb steel b lock  provided a  reaso n ab ly  s tro n g  signal. 
C are w as ta k en  to h it the  m eta l p la te  so th a t  th e  h am m er h it w as 90 
degrees to th e  se ism ic  line. T h u s , two opposite  h its  p ro d u ced  signa ls  
w h ich  w ere 180 degrees o u t of p h a se . O therw ise, a n  e rro r in
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th e  sh e a r  d a ta  acqu isition  could be in troduced . If by  any  chance the 
second  h it  w as n o t exactly  a t  90  degrees to th e  se ism ic  line, th e  two 
s ig n a ls  m ig h t n o t be 180 degrees o u t of p h ase . A relatively  sm all e rro r 
of th is  type w ould m ake th e  su b tra c te d  re s u lt  look w orse th a n  th e  
o n e-sid e  h it. T h is  m ig h t lead  to a  d ifferen t in te rp re ta tio n , a lth o u g h  
th e  p h a se  difference w as d u e  to an  e rro r in  d a ta  acqu isition . F igures 
4 .6  show s th e  d a ta  recorded  from  th e  n o rth  h it  only an d  F igure 4 .7  
show s th e  su b tra c te d  d a ta . The second  d a ta  se t show s som e m odest 
im p ro v em en t over th e  firs t.
Source
A sledge h a m m er an d  a  m eta l p la te  w ere u se d  as th e  energy so u rce  for 
acq u irin g  b o th  P an d  SH d a ta . Ten vertical s ta c k s  from  a  22 lb 
h am m er on 6 lb of steel p la te  for ZZ d a ta  provided reaso n ab ly  good 
energy. The steel p la te  for th e  YY d a ta  acqu isition  w as m u ch  heavier: 
a  70  lb stee l b lock  w ith  tra n sv e rse  ridges a t  th e  b o tto m  for firm  
coupling  w ith  th e  ground . For YY d a ta  acqu isition  th e  steel b lock w as 
h it  10 tim es from  th e  n o r th  an d  th e n  10 tim es from  th e  s o u th  for 
e a s t-w e s t o rien ted  se ism ic  line. T he sledge h a m m e r an d  s tee l p la te  
com bination  w as a  po rtab le  an d  inexpensive sou rce  an d  w as safe to 
use .
O ne of th e  p rob lem s asso c ia ted  w ith  th is  so u rce  w as th e  g en e ra tio n  of 
a  h igh -freq u en cy , g ro u n d -co u p led  a ir  w ave th a t  in te rfe red  w ith  th e  
shallow  reflections in  th e  ZZ d a ta . The only option  available to avoid
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th is  w as to have an  op tim um  source-receiver offset su c h  th a t  th e  noise 
arrived  la te r  th a n  th e  reflec tions. P re lim inary  m odeling  in d ica ted  th a t  
a n  offset of 100 feet w ould serve th is  p u rp o se .
R ecording E quipm ent
A twelve ch a n n e l d ig ital EG & G G eom etries E S 1 2 1 0  S ignal E n h a n c e ­
m e n t Seism ograph  w as u sed  for d a ta  acqu isition . The system  h a s  the  
ab ility  to freeze th e  digital m em ory on an y  channel. D a ta  w ere saved 
on  d igital ta p e  m o u n ted  on  th e  tap e  reco rd ing  u n it  w hich  w as 
a tta c h e d  to th e  se ism ograph . T his se ism o g rap h  h ad  no sw itch  for 
p o la rity  reversa l; therefo re , th is  w as achieved in  th e  field by 
rev ers in g  th e  geophone co n n ec tio n s. It h a s  fixed p o in t fo rm a t an d  th e  
m em ory  size is 10 b it x  1024 w ords p e r ch an n e l. T he dynam ic range 
is a b o u t 60  db, w hich  is n o t th e  b e s t for h igh  reso lu tio n  d a ta  
acqu isition .
S eism ic  Lines
T he M arsha ll te s t  site  is located  N W 1/4, N W 1/4, sec 21, T .1S  R.70W , 
a b o u t 600  feet s o u th  of Hwy 170 (Figure 1). Two se ism ic lin es  w ere 
s h o t p a ra lle l (Figure 4.8) to each  o th e r  an d  positioned  to  overlie th e  
u n d e rg ro u n d  w ork ings (Figure 4.9). Line 2 w as o rien ted  eas t-w est 
w ith  a  su rface  coverage of 591 feet (198 sho ts), an d  cro ssed  a  large 
su rface  collapse fea tu re  asso c ia ted  w ith  an  u n d e rg ro u n d  w orking.
Line L -1 h ad  a  su rface  coverage of 249  feet an d  w as 90  feet to  th e
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s o u th  of line L-2. T his line w as sh o t from  w est to e a s t (labeled as L-l) 
an d , from  e a s t to w est (labeled a s  L-1A) in  b o th  P an d  SH wave types.
R everse S h ootin g  o f Line L -l
O n h is  page  2 6 7  S heriff (1989) s ta te s  “R eliable re frac tio n  re q u ire s  
rev ersed  c o n tro l.” T he sam e d ic tu m  ap p lies  to  com m on offset 
shoo ting , an d  for m an y  of th e  sam e reaso n s . The th eo re tica l p rinc ipa l 
of rec ip ro c ity  h a s  very  little  to  do w ith  th e  n ec e ss ity  of rev ersed  
con tro l. Som e of th e  re a so n s  are  a sso c ia ted  w ith  so m e th in g  as sim ple 
as th e  desirab ility  of red u n d an c y  in physical m e asu rem en ts , an d  som e 
a re  a sso c ia ted  w ith  th e  fact th a t  w hen  th e  sh o t is a t  one end  of th e  
line, it will provide u s  w ith  ray  p a th s  th a t  are  n o t available to u s  w hen  
th e  s h o t is a t  th e  o th e r end  of th e  line.
A m a jo r d ifference betw een  c lassica l re frac tio n  seism ology an d  
com m on offset sh o o tin g  is th a t  in  th e  form er, one is co n cern ed  only 
w ith  th e  firs t a rriv a l tim es, w hile in  th e  la tte r , one is also  concerned  
w ith  ch an g es  in  th e  received wave form . In th e  n ex t fou r p a ra g ra p h s  
we a re  con cern ed  only w ith  su c h  ch an g es in  wave form , an d  we sp eak  
of su c h  changes as  a n  e v e n t .  Every event is a ssu m ed  to be due to som e
d e v i a t i o n  of th e  geologic sec tio n  from  lay ercak e  geom etry , iso tro p y  an d  
hom ogeneity . In add ition  it is a ssu m ed  th a t  th e  ex p lan a tio n  of th e  
event is possib le  in te rm s of an  elaborate , and  concep tual, c lassica l ray  
tra c in g  p rogram .
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1. The desirab le  observa tion  is an  event th a t  o ccu rs  once in  the  
forw ard  profile an d  once in  th e  reversed  profile, a t  th e  sam e  m id ­
po in t. S u ch  a n  event is n a tu ra lly  associa ted  w ith  a  deviation of the  
ta rg e t h o rizon  (the h o rizon  u se d  to p ick  th e  o p tim u m  w indow , in  th is  
th e s is  th e  coal bed).
2. A less desirab le  observation  is a n  event th a t  o ccu rs once in  the  
forw ard  profile a n d  once in  th e  reversed  profile, a t  th e  sam e so u rce - 
poin t. S u ch  an  event is n a tu ra lly  associa ted  w ith  a  deviation of the  
reg ion  co n ta in in g  th e  so u rce . S ince th e  wave g en e ra tio n  p ro cess  is 
in h e re n tly  n o n lin ear, o u r  in te rp re ta tio n  of su c h  even ts m u s t be largely 
in tu itive  an d  can  be little m ore th a n  a  s ta te m e n t th a t  a  change in  the  
so u rce  region is su sp e c te d .
3. A no ther u n d es ira b le  observation  is an  event th a t  o ccu rs  twice in  
th e  forw ard  profile a n d  tw ice in  th e  rev ersed  profile (Figure 4 .10). 
S u ch  a n  event is reaso n ab ly  associa ted  w ith  a  deviation of th e  geology 
som ew here  a long  th e  ray p a th , b u t  n o t w here it  is reflected  from  th e  
ta rg e t horizon. U sually , su c h  p a irs  of events ca n n o t be associa ted  
b e c a u se  of th e  fac t th a t  th e  rea l p ropagation  p h en o m en o n  is m ore 
com plicated  th a n  in d ica ted  by  o u r  co n cep tu a l ray  trac in g  program .
4. If a n  even t o ccu rs  on one line b u t  n o t on th e  o ther, th e n  th a t  event 
is a sso c ia te d  w ith  ex p erim en ta l e rro r an d  is neg lected .
T 3 8 2 2 76
Line L -1A is th e  reversed  sho o tin g  of th e  line L -1. W hen th e  la s t  sh o t 
p o in t of th e  line L -l w as  reach ed , th e  so u rce  a n d  th e  receiver 
p o s itio n s  w ere flipped a ro u n d  th e  m idpo in t. T h is  w as  th e  f irs t sh o t 
for th e  rev ersed  shoo ting . T h is sh o o tin g  p ro cess  is  exp la ined  in  
F igure 4.8.
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L ine-2  i ▲
S hoo ting  d irec tion  for L -l 
(W to E)
L ine-1
R S R S
S hoo ting  d irec tio n  for L -l A 
(E to  W) V V
S = Source 
R = Receiver
HOR. SCALE
0 100 200  ft
 1__________ |__________ |
(N orth -sou th  d is tan ce  n o t to th e  scale)
Figure 4.8: Field layout of seismic lines.
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SURFACE
REFLECTOR
F igure  4 .10 : S chem atic  i l lu s tra tion  of the detection  of a shallow  
anom aly  in a  se ism ic reflection m ethod.
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INTERPRETATION
Two in te rp re ta tio n  p ro cesses , b a sed  u p o n  two d is tin c t a ssu m p tio n s , 
a re  p re se n te d  in  th is  ch ap te r. F or each  event, a s  defined on  th e  
p rev io u s pages, th e  firs t in te rp re ta tio n  is given in te rm s of t h e  
a s s u m p t i o n  t h a t  t h e  R R S T  i s  n o t  a  p r o b l e m  a n d  t h e  c o n c e p t u a l  r a n  
t r a c i n g  p r o g r a m  i s  a p p r o p r i a t e  (This d esc rip tio n  is lab led  (1)). A  
seco n d  in te rp re ta tio n  is  g iven  on th e  b a s is  o f  th e  a ssu m p tio n  th a t  LVL 
p h en o m en a  con tro l th e  se ism o g ra m s ’ a p p ea ra n ce  a n d  th e  reflec tion  
f r o m  th e  co a l is  se ld o m  observab le  (This d e sc rip tio n  is lab led  (2) in  
th e  follow ing lines).
Line L-2
F igures 5.1 an d  5 .1 a  show  th e  un filte red  an d  filtered ZZ sh o t g a th e rs  
on line L-2. F igures 5.2  an d  5.3 are  respectively  th e  un filte red  an d  
filtered  com m on offset ZZ se c tio n s  w ith  100 foot offset.
Traces 2 1 -3 0 , 6 0 -7 5  and 8 0 -1 0 9  o f Figure 5 .2  
V icin ity  o f 50 -55  m s.
A character change.
( 1 ) .  O c c u r r i n g  a t  t h e  r e f l e c t i o n  t i m e  f o r  t h e  c o a l  b e d  r e f l e c t i o n ,  t h i s  
e v e n t  s u g g e s t s  a  p h y s i c a l  c h a n g e  i n  t h e  p a r a m e t e r s  o f  t h e  c o a l  b e d .  I t
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p o s s i b l y  i s  d u e  t o  u n c o l l a p s e d  c a v i t i e s
(2). T h is  even t is  p ro b a b ly  d u e  to  a  ch an ge in  th e  LVL w h ich  ca u se s  
re fle c te d  re fra c tio n s  a n d  re flec tio n s  to  com bine d iffe ren tly  a n d  
th ere b y  to  ch a n g e  th e  RRST. No re flec tio n  cou ld  be e s ta b lish e d  in  
th e  v ic in ity  o f  5 0  m s f r o m  th e  s h o t reco rd s  (Figure 5 ,1a). T h is  
geo lo g ic  d ev ia tio n  cou ld  be d u e  to  co a l m ine co lla p se  reach in g  th e  
LVL o r to  m an y o th er  n a tu ra l even ts.
Traces 1 2 5 -1 4 2  o f Figure 5 .3 , 5 .3 a  (Set D), V ic in ity  o f 3 5  m s
Early first breaks.
( 1 ) .  T h i s  a n o m a l y  s u g g e s t s  t h e  c o m p r e s s i o n a l  e f f e c t s  i n  t h e  s o i l  a s  a  
r e s u l t  o f  u n d e r g r o u n d  c a v i t y .  T h e  c o m p r e s s e d  m a t e r i a l  r e s u l t s  i n  a  
h i g h  v e l o c i t y  a n o m a l y  t h a t  a p p e a r s  a s  e a r l y  f i r s t  b r e a k s .
(2). T h is an om aly  is  p ro b a b ly  th e  re su lt o f  a  n ear s iu fa c e  s ta tic s .  
S u rfa ce  c o lla p se s  in  th e  f i e ld  p ro v id e  convincing ev id en ce  th a t  th e  
undergrou n d  c a v itie s  h ave  co lla p sed . T herefore , no s tr e s s  build-up is  
ex p e c te d  th a t  cou ld  p o ss ib ly  g ive  r ise  to  ea r ly  f i r s t  b re a k s  on th e  
s e is m ic  se c tio n  o ver th e se  reg ion s. S in ce  th e se  tra c e s  w e re  reco rd ed  
w h ere  w a te r  is  seen  in  F igure 1.1 a, i t  is  reason ab le  to  a ssu m e th a t th e  
w a te r  c o n te n t o f  th e  LVL e ffe c te d  th e  f i r s t  b rea k s.
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Traces 116 -166  o f Figure 5 .3  
O scillatory signals in th e  first 100 m s
( 1 ) .  T h e s e  e v e n t s  a r e  a t t r i b u t e d  t o  r e s o n a n c e  i n  t h e  a b a n d o n e d  m i n e s .  
S u c h  r e s o n a n t  v o i d s  r a d i a t e  m o n o f r e q u e n c y  e n e r g y  t o  t h e  s u r f a c e  t h a t  
i s  r e c o r d e d  a s  i n d i c a t e d  i n  F i g u r e  5 . 3 .
(2). T h ese  e v e n ts  a re  th o u g h t to  be g u id ed  w a v e s  in  th e  LVL. T hey  
a p p e a r  d iffe ren t in  tra c e s  1 1 6  through  1 6 6  becau se  in  th e  region  
w h ere  th e se  tra c e s  w ere  reco rd e d , th e  co lla p se  ch im n ey  h a s  
p e n e tr a te d  th e  LVL an d  d ec rea sed  i t s  sh e a r  m odu lu s .
Line L -l
F igures 5 .4  an d  5.5 are  the  un filte red  an d  filtered ZZ sh o t g a th e rs  on 
line L -l. F igures 5 .6  an d  5 .7  are  respectively  th e  un filte red  an d  
filtered  ZZ com m on offset sec tio n s w ith  100 foot offset. F igu re  5 .10  
show s th e  un filte red  YY sh o t g a th e rs  a n d  F igures 5.11 an d  5 .12  show  
th e  u n filte red  an d  filtered  YY com m on offset sec tio n s  respectively .
Line L -l w as sh o t from w est to ea s t in  bo th  ZZ an d  YY m odes. L -l A 
w as th e  reverse shooting .
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ZZ
F igure  5 .4  show s th e  un filte red  ZZ sh o t g a th e rs . High frequency  
ev en ts  no ticed  a t  90 -1 0 0  m s all a c ro ss  th e  sec tio n  are  th e  g ro u n d - 
coup led  a ir w aves an d  are  m ore clearly  d is tin g u ish ed  on th e  filtered 
ZZ sh o t g a th e rs  (Figure 5.5). F igure 5 .7  is th e  filtered version  of 
F igure 5 .6 , w here a  b a n d p a ss  filter of 50 - 200  Hz h a s  b een  applied . 
T h is p ro cess  is u se d  to define th e  am p litu d e  anom alies a t 50 m s m ore 
clearly.
Line L -l w as sh o t ac ro ss  th e  m ain  su rface  collapse (betw een traces  
7 - 5 1 )  w h ich  is ap p ro x im ate ly  2 .5  feet deep a t  th e  d eep es t p o in t 
re la tive  to th e  edges of th e  co llapse . The m ine m ap  show s ex tensive 
room  an d  p illa r  m in ing  u n d e r  th e  co llapsed  area . The seism ic even ts 
o n  th e  e a s t end  of th e  seism ic sec tion  show  a  to ta l change in  
c h a ra c te r . S ince th is  change is from  firs t b re a k s  to  th e  end  of record , 
a  change in th e  firs t layer is su sp ec ted . A ccording to th e  m ine m ap  of 
F igure 4.9, th is  change occurs over w h at ap p ea rs  to be a  m ajor hau lage 
drift.
Traces 2 6 -3 2  and 3 9 -4 6  o f Figure 5 .7 , V icin ity  o f 5 0  m s 
R educed am plitude anom alies.
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e x p e c t e d  c o a l  r e f l e c t i o n  a r e  i n t e r p r e t e d  a s  c a v i t i e s .  F o r  s h a l l o w  c o a l  
b e d s , t h e  a c o u s t i c  w a v e s p e e d  o f  w a t e r  i n  t h e  c a v i t i e s  i s  g r e a t e r  t h a n  
t h e  a c o u s t i c  w a v e s p e e d  o f  c o a l  ( S t e e p l e s  a n d  M i l l e r ,  1 9 8 7 ) ,  a n d  
a c c o u s t i c  w a v e  s p e e d  i n  t h e  o v e r l y i n g  s h a l e  i s  h i g h e r  t h a n  i n  e i t h e r  
w a t e r  o r  c o a l .  T h e  r e f l e c t i o n  c o e f f i c i e n t  f o r  t h e  b o u n d a r y  b e t w e e n  
s a t u r a t e d  r u b b l e  a n d  t h e  o v e r l y i n g  s h a l e  i n  t h i s  a r e a ,  w i l l  b e  s m a l l e r  
t h a n  t h e  r e f l e c t i o n  c o e f f i c i e n t  f o r  t h e  b o u n d a r y  b e t w e e n  c o a l  a n d  
s h a l e ,  y i e l d i n g  a  r e d u c e d  r e f l e c t i o n  c o e f f i c i e n t  o v e r  s a t u r a t e d  r u b b l e -  
f i l l e d  c a v i t i e s .  I m p e d a n c e  o f  s h a l e  a b o v e  a n d  b e l o w  t h e  v o i d s ,  i f  t a k e n  
a s  6 4 0 0  x  2 . 3  ( v e l o c i t y  x  d e n s i t y ) ,  a n d  t h a t  o f  t h e  s a t u r a t e d  r u b b l e  
t a k e n  a s  5 8 0 0  x  2 . 1 ,  w o u l d  y i e l d  a  r e f l e c t i o n  c o e f f i c i e n t  o f  - 0 . 0 9 .  
I m p e d a n c e  o f  t h e  c o a l  b e d  i s  c l o s e  t o  4 8 0 0  x  1 . 2  a n d  w i t h  t h e  s h a l e  
i m p e d a n c e  m e n t i o n e d  a b o v e ,  t h i s  w o u l d  y i e l d  a  r e f l e c t i o n  c o e f f i c i e n t  
o f  ( - 0 . 4 3 ) .  T h i s  e x p l a i n s  t h e  h i g h e r  a m p l i t u d e  r e f l e c t i o n  f r o m  c o a l  
a n d  a  w e a k  r e f l e c t i o n  f r o m  t h e  m i n e d  p a r t .
(2). S in ce  th e  d a ta  a re  b lu rred  u n d er th e  in fluence o f  low fre q u e n c ie s  
(Figure 5.4), a  b a n d p a ss  f i l t e r  o f  1 2 0 -2 5 0  Hz unveiled  th e  h igh  
fre q u e n c y  d a ta  (Figure 5.5). I t is  n o ticed  f r o m  F igure 5 .5  th a t  th e  
sh a llo w  d a ta  sh o w  no unequivocal reflection  a t  abou t 4 5  - 5 0  m s (the  
ex p e c te d  re flec tio n  tim e  f r o m  coal). From th e  GRAY m odelin g  severa l 
w a ve  ty p e s  cou ld  a rrive  a t  ab o u t 4 5  - 5 0  m s on th e  ZZ com m on o ffse t  
sec tio n . I t is  su sp ec ted  th a t th e  observed  ch an ges a re  a sso c ia te d  w ith  
near-surface effects.
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YY
YY d a ta  w ere expected  to provide h ig h  am p litu d e  an o m alies  from  th e  
air-filled  or w ater-filled  u n d e rg ro u n d  cavities. T he re su lts  do n o t 
fulfill th a t  expecta tion .
S h o t reco rds of YY d a ta  are  show n in  F igure 5.10. E ach  sh o t record 
h a s  a  n e a r  offset of 100 feet an d  a  far offset of 133 feet. No reflection 
is read ily  iden tifiab le  on an y  of th e se  reco rds. M ultiply refrac ted , h igh  
am p litu d e  signals dom inate in  th e  early  160 m s of th e  d a ta . F igure 
5 .12  is th e  b a n d p a s s  filtered (45-200  Hz) com m on offset sec tio n  an d  
show s im p ro v em en t (in sh a rp e n in g  th e  w avelets) over th e  
u n p ro cessed  com m on offset YY d a ta  a s  seen  in  F igure 5.11.
T races 11-15 , 2 3 -2 9  and 4 5 -5 0  o f Figure 5 .11  
Anom alous wave trains.
( 1 ) .  T h e s e  a n o m a l i e s  a r e  a n a l o g o u s  t o  t h e  r e d u c e d  a m p l i t u d e  
a n o m a l i e s  o n  t h e  Z Z  d a t a  o f  F i g u r e  5 . 7 .  T h e  s h e a r  w a v e  r e s p o n s e  t o  
t h e  u n d e r g r o u n d  c a v i t i e s  a p p e a r s  a s  a n o m a l o u s  w a v e  t r a i n s .
(2). T hese a n o m a lie s  m a y  be a ttr ib u te d  to  rubble ch im n eys . T h u s , 
th ese  a n o m a lie s  on th e  YY d a ta  a re  n o t co n sid ered  to  be d ire c t  
ev iden ce  o f  an  undergrou nd  c a v ity , b u t m ore lik e ly  a  consequence o f
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co lla p se  e ffec ts  in  th e f i r s t  la yer .
Line L -l A
F ig u res  5 .13  an d  5 .14  show  respective ly  th e  u n filte red  an d  filtered  ZZ 
com m on offset sec tions. F ig u res 5 .15  an d  5 .16  show  respectively  th e  
u n filte red  an d  filtered YY com m on offset sec tio n s of L- 1A.
L -1A w as th e  reverse shoo ting  of line L -1 an d  w as sh o t from  ea s t to 
w est in  ZZ an d  YY m odes. B oth  th e  forw ard an d  reverse shoo ting  were 
done u s in g  th e  com m on offset tech n iq u e  w ith  a  100 foot offset.
Line L -1 w as sh o t in  S ep tem b er w hen  th e  g round  w as unfrozen , b u t  L- 
1A w as s h o t in  th e  la s t  w eek of D ecem ber w hen  th e  te m p e ra tu re  w as 
below  zero an d  four to six  in ch es  of th e  top layer of th e  soil w ere 
frozen. T he frozen soil re su lte d  in  a  b e tte r  so u rce -g ro u n d  coupling , 
p a rtic u la rly  over th e  a reas  w here th e  soil w as soft in  S ep tem ber. As a 
re su lt , b e t te r  co h eren ce  of f irs t a rriv a l is no ticed  b etw een  tra c e s  41- 
94  (com pare F ig u res  5 .6 , 5.13). T he o th e r  d ifference in  th e  se ism ic  
d a ta  observed on th e  reverse  shoo ting  is a  sligh t change in  th e  su rface  
w ave p a tte rn  no ticed  a fte r 100 m s (com pare F igu res 5 .6 , 5.13). 
C onsidering  F igures 3 .20, 3 .20a , 3.21 and  3 .21a, th is  is n o t 
u n reaso n ab le . Seism ic c h a ra c te r  of th e  a ssu m ed  sh e a r  reflections and  
re frac tio n s  is a lm o st th e  sam e on  th e  forw ard (Figure 5.11) an d  
reverse  sh o o tin g  (Figure 5.15) excep t th a t  th e  sha llow  even ts 170 m s
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an d  ea rlie r  on th e  reverse  sec tio n  (Figure 5.15) seem  to have m ore 
energy. T h is is p robab ly  the  effect of frozen g round .
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CONCLUSIONS FROM THE MARSHALL STUDY
1. A pplication  of com m on offset P an d  SH d a ta  in  th e  d etec tion  of 
u n d e rg ro u n d  voids faces a  se rio u s problem  in  th e  effects of th e  su rface  
low velocity  layer (LVL). R esu lts  of th is  w ork do n o t localize an d  define 
th e  anom alies asso c ia ted  w ith  cavities. My d a ta  an d  m odeling ind icate  
th a t  a t  th e  offsets em ployed, m ode conversions an d  m u ltip ly  reflected  
re frac tio n s  overw helm ingly  co n tam in a te  th e  coal bed  reflections.
2. T he red u ced  am p litu d e  anom alies observed on th e  ZZ section  of 
L -1 a t th e  expected  coal reflection  are  th o u g h t to be d u e  to shallow  
p h en o m en o n . T he co rresp o n d in g  anom alies on  th e  YY sec tio n s are 
re la ted  to th e  ru b b le  ch im ney  th a t  ex tends u p w ard s  in to  th e  LVL.
3. T he c h a ra c te r  ch an g es a t th e  expected  coal reflection  on p a r ts  of 
L-2 m ay  be in te rp re ted  a s  an  in te rference  p h en o m en o n .
4. T he m ode th eo ry  (surface waves) he lp s one to u n d e rs ta n d  th e  la te  
h igh  am p litu d e  anom alies on th e  ZZ sec tio n s an d  th e  low frequency  
wave tra in s  on the  YY sections. T hese surface w aves are  highly 
d ep e n d en t u p o n  th e  sh e a r  velocity of th e  LVL w hich , of course , h a s  no 
effect u p o n  th e  firs t m otion-P-w aves.
5. E arly  first b reak  (EFB) anom alies are  a ttr ib u ted  to changes in  the
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LVL. T herefore, th e  EFB are  n o t reliable in d ica to rs  of cavities in  th is  
area.
6. Shallow  d iffractions from  th e  cavities could  n o t be  identified .
7. T he p rin c ip a l co nc lusion  is th a t  th e  m ethod  u se d  h ere  is 
eq u iv a len t to th a t  of D obecki (1989), W ilson (1990), an d  (S teeples, 
1986) an d  is of q u es tio n ab le  m erit for cavity  d e tec tio n  in  th e  v icinity  
of M arshall, Colorado.
8. G eneralized  ray  m odeling  revealed th e  g en era tio n  of m ultip ly  
reflec ted  re frac tio n s  an d  o th e r  w aves n o t of co n cern  for s h o r te r  
offsets. T his w as one w ay of s tudy ing  the no ise in  th e  d a ta . Mode 
an a ly sis  w as an o th e r  way. It partia lly  explained th e  very low frequency 
signa ls in th e  d a ta . S h ea r  velocity in  th e  LVL becom es a  critical 
n u m b e r for long offsets. Low sh e a r  velocity gives a  b ro ad  low group 
velocity  m in im um . The d isp e rs io n  cu rv es e lu c id a te  th e  s tr ik in g  
differences in  th e  g roup  an d  p h ase  velocity cau sed  by a sm all change 
in  th e  sh e a r  velocity in  th e  LVL.
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REVIEW OF PREVIOUS PUBLICATIONS
S ince I w as n o t able to dup lica te  th e  re su lts  of previous a u th o rs , som e 
review  of th e ir  p u b lic a tio n s  seem s ap p ro p ria te .
A few ca ses  th a t  deal w ith  h igh  re so lu tio n  se ism ic w ork, an d  w here 
th e  field p a ra m e te r  se lec tio n  w as m ade u s in g  “o p tim u m  w indow ”, are  
analyzed in  th e  following.
1. D an  L arson  (1986) w ro te  h is  M aster D egree th e s is  on “Seism ic 
D etection  of V oids” u s in g  com m on offset P wave d a ta . He b ased  h is  
s tu d y  for cavity  d etec tion  on: (1) th e  early  firs t b reak s , (2) fo rm ation  of 
d o u b le t an d  (3) re so n an ce  developing from  th e  u n d e rg ro u n d  cavities.
In h is  conc lusions, he e s tab lish es  th e  validity  of th e se  ind ica to rs,
Q uo te  “1. T he se ism ic  m eth o d  com bined  w ith  a se lective drilling  
p ro g ram  provides an  a c c u ra te  cost-effective m ethod  for voids location .
2. T h ree  se ism ic p h en o m en a , early  firs t b reak s , se ism ic d o u b le t 
fo rm ation  a n d  reso n an ce  w ere identified  a s  being  especially  u se fu l in 
locating  voids. “
H is d rilling  re su lts  a re  rep ro d u ced  in  th e  following:
“T ab le  3 - TEST HOLE RESULTS - WYOMING”
Location Line Hole P re d ic te d  R esu lt C om m ents
Laur 1 1-81 Void Coal Time sag
Laur 1 1-60 Void Coal D iffractions (?)
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Laur 1 1-34.5 Void Coal A m plitude
Laur 2 2-34 Void Coal D oublet
Laur 3 3-69 Void Coal D oublet
Laur 3 3-59 Void Coal D oublet - Neg. Amp.
Laur 3 3-48 Void Coal No D ata  Zone
Lakeway 2 2-52 Void Void Time Sag, H igh Amp.
Lakeway 2 2 -5 9 Void Coal C h arac te r C hange
Lakeway 2 2 -1 3 Void Coal Tim e S ag
Lakeway 2 2-11 Void Coal Tim e Sag
Lakeway 3 3 -3 3 Void Coal Tim e Sag
Lakeway 3 3 -1 8 Void Coal T erm in a tio n  - Diffr.
Lakeway 4 4 -4 0 Void Coal Tim e Sag
Lakeway 4 4 -2 7 Void Void Tim e Sag - Reverb.
Lakeway 4 4-11 Void Coal No D ata  Zone
P ee rle ss 1 1-46 Void Void D oublet - A rching
P ee rle ss 1 1-41 Coal Void E nd of D oub. - A rching
P ee rle ss 1 1-36 Void Void D oublet - A rching
P ee rle ss 1 1-21 Void Coal Time Sag
P ee rle ss 1 2 -5 6 Void Void Time Sag
“T a b le -4 - TEST HOLE RESULTS - MID-CONTINENT”
Location Line H ole P red ic ted R esult C om m ents
S ite  1 2 1 -2 -2 2 9 Void Coal D oublet
S ite  1 2 1 -2 -2 4 0 Void Void D oub let - Tool D rop 4 ”
S ite  1 2 1 -2 -2 4 6 Coal Coal N orm al S ection
S ite  1 2 1 -2 -252 Coal Coal N orm al S ection
S ite 1 2 1 -2 -2 5 4 Void Coal Deep D oublet
S ite  1 3 1 -3 -335 Void Void D oublet
S ite  1 3 1-3-351 Coal Void Slight A rch ing/D oub.
S ite  1 4 1 -4 -407 Void Coal S ligh t A rch ing
S ite  1 4 1 -4 -412 Coal Coal N orm al S ection
S ite  1 4 1 -4 -4 1 7 V oid? Coal S ligh t A rch ing
S ite  1 4 1-4 -4 2 9 Coal Coal N orm al S ection
S ite  1 4 1-4 -442 Void Coal D oublet
S ite  2 2 2 -2 -2 0 0 Coal Coal N orm al S ection
S ite  2 2 2 -2 -2 0 8 Void Coal On Line W /E n try  Coal C
S ite  2 2 2 -2 -2 3 4 Void Coal A rch ing
S ite  2 2 2 -2 -2 4 1 Void Void Deep D iffractions
S ite  2 2 2 -2 -2 5 1 Void Void A rch ing  - A m plitude
S ite  2 2 2 -3 -3 0 6 Void Coal On Line, E n try  Coal
S ite  3 1 3 -1 -1 1 4 Void Coal D eep R inging
S ite 3 1 3 -1 -2 0 3 Void Coal No D ata  Zone
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S ite  3 1 3 -1 -2 1 0 Void Coal High A m plitude
S ite  3 1 3 -1 -3 1 9 Void Coal A rch ing
S ite  3 1 3 -3 -3 3 5 Void Coal S ligh t A rch ing
S ite  3 1 3 -4 -3 9 4 Void Coal S light D oublet
S ite  3 1 3 -4 -4 0 2 Void Coal S light D oublet
S ite  3 1 3 -4 -4 0 6 V oid Coal D eep D iffraction
S ite  4 1 4 -1 -1 4 1 Void Void Double
S ite  4 2 4 -2 -1 9 9 Void Coal D oublet - A rching
S ite  4 2 4 -2 -2 2 3 Void Coal P ro jection  of E n try
S ite  4 5 4 -5 -5 2 3 Void Coal D oublet
S ite  5 1 5 -1 -1 1 9 Void Void A rch ing
S ite  5 1 5 -1 -1 2 4 Void Void R esonance
S ite  5 1 5 -1 -1 3 2 Void Void R esonance
S ite  5 1 5 -1 -1 4 0 Void Coal H igh A m plitude
S ite  5 1 5 -1 -1 8 1 Void Coal H igh A m plitude
O bviously, th e  drilling re su lts  do n o t conform  to h is  conclusions. The 
te s t re su lts  for th e  W yoming a rea  show  alm ost no success, an d  those  
from  M id -C on tinen t a re a  are  n o t m u c h  different, excep t for 
S ite 5.
2. W ilson (1990) did m odel s tu d ie s  of shallow  com m on-offset se ism ic 
d a ta . F igure 6.1 is tak en  from h is paper, w hich show s a  w alkaw ay 
no ise  te s t  w ith  a  n e a r  offset of 10 feet and  receiver sp ac in g  of 10 feet. 
He d is tin g u ish e s  th e  following even ts on th is  Figure:
E ven t 4A \ th e  d irec t a rriv a ls  
E ven t ‘B’ an d  ‘C \ th e  h ead  w aves, an d
E ven t ‘D’ an d  E \ th e  reflections from  R edstone coal an d  P ittsb u rg h  
coal respectively .






























F igure  6 .1 : Line 1 no ise te s t: n e a r  sou rce-rece iv er offset is 10 feet and  
th e  g eophone sp ac in g  is 10 feet, (Wilson, 1990).
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th e  no ise test.
He se lec ted  th e  field p a ra m e te rs  u s in g  th e  “o p tim u m  w indow ’ of 
H u n te r  e t al (1984). Q uote  “th e  o p tim u m  w indow  for reco rd in g  
sha llow  reflec tions in  th e  a re a  of th e  no ise te s t ex ten d s from  
app rox im ate ly  110 feet to 230 feet. The 150 feet offset is su itab le  as 
a n  op tim u m  offset, s ince (1) th e  signa l-to -no ise  ra tio  is h igh  a t th is  
offset, (2) th e  reflec tion  from  th e  R edstone  an d  P ittsb u rg h  coals are 
co h e re n t a c ro ss  th is  offset, an d  (3) th e re  is little  p ossib ility  of 
in te rfe ren ce  from  n e a r-so u rc e  lin e a r  n o ise .“
E x am in atio n  of F igure 6.1 reveals th a t  th e  slope of th e  th e  event 
m arked  as  “D” is ab o u t th e  sam e a s  th a t  of “C”, C being  the  h ead  wave. 
Also th e  am p litu d e  an d  frequency  of the  two events are  ab o u t the  
sam e. B ased  on th is  d iagram , it is difficult to identify “D” as a  
reflection . T his, by  no m ean s  im plies th a t  reflection  d o e sn ’t ex ist 
the re , b u t  only th a t  it m ay be ra th e r  obscured  u n d e r  RRST an d  o th e r 
long-offset w aves asso c ia ted  w ith  layers above the  coal.
K napp  an d  S teep les (1986) provide u se fu l in fo rm ation  in  th e ir  p ap e r 
“ H igh R eso lu tion  CDP Reflection Profiling: Field acq u is itio n  
p a ra m e te r  d es ig n .” F igure 6.2 is ta k e n  from  th is  p ap e r  w h ich  is the  
w alkaw ay noise te s t conducted  in th e  K ansas River Valley u s in g  single 
100 Hz geophones. In th is  se tting , th e  trace  sp ac in g  is 2 feet an d  
n e a r  offset is 4 feet. They w isely u se d  a  techn ique of applying a  h igh
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F igure  6 .2 : W alkaw ay noise te s t conducted  in the  K ansas River Valley. 
S ingle 100 Hz geophones w ere u sed , trace  sp ac in g  is 2 ft, th e  n e a r  
offset is 4 ft. T he n e a r  12 tra c e s  w ere reco rded  w ith  220  Hz low -cut 
filter app lied . T he rem a in in g  tra c e s  w ere reco rded  w ith  a  110 Hz 
low -cu t filter, (K napp an d  S teep les, 1986).
T 3 8 2 2 114
low -cu t filte r to  th e  firs t 12 tra c e s  (220 Hz low -cut) to  get rid  of low 
frequency  wave tra in s  th a t  ob scu re  th e  reflections. T he rem ain in g  
tra c e s  w ere reco rd ed  w ith  a  110 low -cu t filter. T h is  p ro ced u re  did 
h e lp  identify ing  reflec tion  even ts w hile in  th e  field w ith o u t any  
m odeling  involved. Problem s m ay a rise  w hen  th e  d a ta  do n o t have 
su c h  h igh  frequencies. If, for exam ple, th e  d o m in an t signal frequency  
is 100 - 120 Hz, th e n  the  en tire  no ise  te s t  will a p p e a r  m u ch  th e  sam e 
w ith  e ith e r low -cu t filter. In th a t  s itu a tio n , se lec ting  a n  “op tim um  
w indow ” will be  difficult. F igure 6.2 show s th a t  a lm ost all th e  d a ta  se t 
(for an y  offset g rea te r  th a n  40 feet) a re  dom inated  by RRST an d  th e  
su rface  w aves. Com m on offset d a ta  acqu ired  w ith  an  offset of 80 feet, 
for exam ple , m ig h t be d ifficu lt to in te rp re t.
Peace (1978), did a  re se a rch  s tu d y  in  London to m ap  coal b ed s  by 
m ak in g  large v a ria tio n s  in  th e  source-receiver d ep th s . He ob ta in ed  
sh o t reco rd s in  d ifferen t s itu a tio n s  an d  som e of th o se  are  rep ro d u ced  
on th e  following pages. The d iag ram s are se lf exp lanato ry . He show ed 
th a t  w hen  th e  so u rce  w as below  th e  low velocity layer, a n d  the  
receiver b u r ie d  close to th e  su rfa ce  (2 m e te rs  deep), h ig h  re so lu tio n  
d a ta  w ere ob ta ined  w ith o u t m u ch  co h eren t no ise or a ir-coup led  w aves. 
F igure  6 .4  w here  th e  rece ivers  w ere b u ried  show s im p ro v em en t over 
F igure 6 .3 . T his opera tion  involves add itional drilling, b u t  th e  re su lts  
m ay  ju s tify  th e  expense. U sing m ore so p h is tica ted  geophysical 
eq u ip m en t to reco rd  th e  d a ta  w ith  sh o ts  an d  receivers in  ho les is 
expected to provide u n am b ig u o u s  h igh  reso lu tio n  d a ta . Use of
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F igure  6 .3: S ho t record  (unfiltered) w ith  rece ivers on the  su rface , and  
the sh o t  a t  10 m dep th . G eophone spac ing  is 5 m, n ea r  offset is 20 m 
a n d  th e  far offset is 135 m (Peace, 1978).
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F igure 6.4: S h o t reco rd  (unfiltered) w ith  th e  rece iv ers  2 m below  th e  
su rface , an d  the  sou rce  10 m below. G eophone spacing  is 5 m, n e a r  
offset is 20  m  an d  th e  far offset is 135 m (Peace, 1978).
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acce lo m eters  in s te a d  of geophones, a  h igh  frequency  seism ic sou rce  
th a t  is able to g enera te  few KHz signals an d  a n  app ro p ria te  
se ism ograph , m ay provide su c h  resu lts . A seism ic source th a t  is able 
to g en era te  signal frequency  in  KHz, is is n o t easy  to acquire . Also, 
h igh  freq u en cies a tte n u a te  w ith  d ep th  a t  a  h ig h e r ra te  w hich  affect 
th e  u se fu ln e ss  of th e  m ethod.
In brief, Peace (1978) provided u n am b ig u o u s  reflec tions very m u ch  
d ifferent from  th o se  show n in  F igures 4.2, 6.1, and  6.2. A lthough the 
su b su rfa ce  geology w as different from th a t  a t  the  M arshall te s t site, 
th e  th eo ry  sh o u ld  n o t differ appreciably .
T his d iscu ss io n  su g g ests  th a t  shallow  reflections can  be ob ta ined , 
a lth o u g h  p e rh ap s  n o t as  shallow  as I w as seeking. It is p e rh ap s  no t 
very  su rp ris in g  th a t  th e  LVL is of overrid ing im p o rtan ce  w hen  one is 
seek ing  reflec tions from  shallow  beds. H ence it sh o u ld  also  be 
expected  th a t  if one can  drill th ro u g h  th e  LVL to im p lan t th e  sou rce  
or th e  receiver or bo th , one h a s  a  d is tin c t advantage.
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APPENDIX A
Noise S p read , P -Source
SUMMARY OF ARRIVAL TIMES AND AMPLITUDES FOR EACH RAY NAME
POSITIVE GROUND MOTION IS UP AND AWAY FROM THE SOURCE.
DIR: DIRECTION TAKEN BY RAY FROM THE ,SOURCE, 1 MEANS UP AND 
-1 MEANS DOWN
ND: NUMBER OF DYNAMIC ANALOGS (SEE ENGELKEMEIR (T -2 1 7 5 ) )
THE SOURCE DEPTH IS 0 .1 5 0  AND THE SOURCE IS IN LAYER #  1
RECEIVER # 1 IN LAYER # 1 , RECEIVER POSI : R= 3 .0 0 0 0  HR= 0 .0 0 0 0
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0.858214E + 01 0 .8 9 6 2 1 1 E+02 0 . 179239E+04 1 1 P1
2 0 . 187839E+02 0 . 709500E+03 0 .3 6 3 8 3 6 E + 0 3 -1 1 P1P1
2 0 . 181521E+02 0 . 103142E+04 0 .5 2 8 9 1 7E+03 -1 1 PI H1 PI
2 0 . 181307E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 P1H2P1
3 0 .4 1 2 3 7 6 E + 0 2 0 . 139824E+04 -0 .7 4 0 5 7 6 E + 0 4 - 1 1 P1S1
3 0 .3 9 7 2 0 6 E + 0 2 0 .0 0 0 0 0 0 E + 0 0 O.OOOOOOE+OO - 1 1 PI HI SI
3 0 .4 1 2 3 1 5 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 P1H2S1
4 0 .3 4 9 2 5 3 E + 0 2 0 . 167135E+04 0 .4 2 3 1 2 7 E + 0 3 -1 1 P1P1P1P1
4 0 .3 4 9 0 4 9 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1P1P1P1
4 0 .3 0 8 0 9 0 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P1P1P1P1
5 0 .5 6 5 8 2 3 E + 0 2 0 . 104144E+03 -0 .1 2 2 5 9 6 E + 0 4 -1 1 P1P1P1S1
5 0 .5 6 4 7 3 3 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1P1P1S1
5 0 .5 3 9 0 9 9 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H2P1P1P1S1
6 0 .7 8 3 6 3 5 E + 0 2 -0 .3 0 9 5 6 2 E + 0 2 0 .288 3 7 9 E + 0 3 -1 1 P1P1S1S1
6 0 .7 8 0 4 1 8E+02 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P1P1S1S1
6 0 .7 7 0 1 0 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H2P1P1S1S1
7 0 .5 6 5 8 2 3 E + 0 2 0 . 1 15846E+03 0 .359 3 2 8 E + 0 2 - 1 1 P1P1S1P1
7 0 .5 6 4 7 3 3 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1P1S1P1
7 0 . 539099E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P1P1S1P1
8 0 . 100415E+03 * 0 .529319E+03 0 .3 6 0 9 5 2 E + 0 4 - 1 1 P1S1S1S1
8 0 .9 9 6 1 0 3 E + 0 2 -0 .3 4 2 2 4 6 E + 0 2 0 .233 3 8 4 E + 0 3 - 1 1 P1H1S1S1S1
8 0 .1 0 0 1 12E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 P1H2S1S1S1
9 0 .7 8 3 6 3 5 E+02 0 .4 7 1 9 9 5 E + 0 3 0 . 190080E+03 - 1 1 P1S1S1P1
9 0 . 780418E+02 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1S1S1P1
9 0 .7 7 0 1 0 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P1S1S1P1
10 0 .5 6 5 8 2 3 E + 0 2 0 .1 1 5846E+03 0 .3 5 9 3 2 8 E + 0 2 - 1 1 P1S1P1P1
10 0 .5 6 4 7 3 3 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P1S1P1P1
10 0 .5 3 9 0 9 9 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P1S1P1P1
11 0 .7 8 3 6 3 5 E+02 0 .2 2 2 8 9 0 E + 0 2 -0 .2 0 7 6 3 9 E + 0 3 -1 1 P1S1P1S1
11 0 . 780418E+02 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1S1P1S1
11 0 .7 7 0 1 0 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P1S1P1S1
12 0 .2 5 3 7 6 5 E + 0 2 0 .3 3 0 6 7 5 E + 0 2 0 . 135763E+01 -1 1 P1P2P2P1
13 0 .4 6 8 1 04E+02 0 .4 0 4 4 3 0 E -0 1 -0 .3 3 5 2 7 8 E + 0 1 -1 1 P1P2P2S1
14 0 .5 6 1 154E+02 0 .4 7 5 5 1 8 E + 0 0 -0 .2 6 9 8 6 7 E + 0 2 -1 1 P1P2S2S1
15 0 .3 4 6 7 5 6E+02 - 0 .1 0 5 7 1 1E+01 -0 .6 2 6 9 6 1 E -01 -1 1 P1P2S2P1
16 0 .6 5 5 8 6 7E+02 - 0 .9 1 1289E+00 0.2 6 4 2 9 3 E + 0 2 1 P1S2S2S1
17 0 .4 4 1 169E+02 0 . 176762E+01 0 . 197779E+00 -1 1 P1S2S2P1
18 0 .3 4 6 7 5 6 E + 0 2 0 .1 0 5 7 1 1E+01 0 .6 2 6 9 6 1 E -0 1 - 1 1 P1S2P2P1
19 0 .5 6 1 154E+02 0 .3 0 2 8 5 6 E -0 2 - 0 . 171878E+00 -1 1 P1S2P2S1
20 0 .5 1 7 1 5 3 E + 0 2 0 .7 4 7 4 2 9 E + 0 3 0 . 125618E+03 - 1 1 P1P1P1P1P1P1
21 0 .7 3 2 4 0 2 E + 0 2 0.748903E + 01 - 0 .1 3 9 4 1 1E+03 - 1 1 P1P1P1P1P1S1
22 0 .9 4 7 9 5 0 E + 0 2 - 0 .2 0 2 7 3 7E+02 0 .3 2 7 1 06E+03 -1 1 P1P1P1P1S1S1
22 0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1P1P1P1S1S1






























































0 . 7324Q1E+02 0.847082E + 01  0 .161915E + 01 -1 1 P1P P p s p
0 . 1 16396E+03 -0 .1 6 5 9 8 9 E + 0 2  0 .226 6 0 7 E + 0 3 -1 1 P1P P s s s
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P P p s s S1
0 .1 1 2790E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P P p s s S1
0 .9 4 7 9 5 0 E + 0 2 -0 .2 5 5 8 1 2 E + 0 1  -0 .5 6 7 3 1 8 E + 0 0 -1 1 P1P P s s p
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P P p s s P1
0 .8 9 6 8 9 1 E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P P p s s P1
0 .7 3 2 4 0 1 E + 0 2 0 .847082E + 01 0 .1 6 1 9 1 5E+01 -1 1 P1P P s p p
0 .9 4 7 9 5 0 E + 0 2 -0 .3 9 6 3 0 1 E -0 1  0 .6 3 9 4 1 1E+00 -1 1 P1P P s p s
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P P p s p S1
0 .8 9 6 8 9 1 E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P P p s p S1
0 . 138076E+03 0 .2 4 6 2 6 5 E + 0 2  -0 .2 7 4 7 6 7 E + 0 3 -1 1 P1P S s s s
0 . 137932E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P P s s s S1
0 .1 3 5 8 9 1 E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P P s s s S1
0 . 1 16396E+03 - 0 . 185997E+02 -0 .4 91925E + 01 -1 1 P1P s s s p
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P p s s s P1
0 . 1 12790E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P p s s s P1
0 .9 4 7 9 5 0E+02 -0 .2 2 8 5 0 0 E + 0 2  -0 .5 06749E + 01 -1 1 P1P s s p p
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P p s s p P1
0 .8 9 6 8 9 1 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P p s s p P1
0 . 1 16396E+03 -0 .4 0 3 7 6 7 E + 0 0  0 .551220E + 01 -1 1 P1P s s p s
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P p s s p S1
0 . 1 12790E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P p s s p S1
0 . 732402E+02 0.847082E + 01  0 .161915E + 01 -1 1 P1P s p p p
0 .9 4 7 9 5 0 E + 0 2 -0 .3 9 6 3 0 1 E -0 1  0 .6 3 9 4 1 1E+00 -1 1 P1P s p p s
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P p s p p S1
0 .8 9 6 8 9 1 E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P p s p p S1
0 . 1 16396E+03 -0 .4 0 3 7 6 7 E + 0 0  0 .551220E + 01 - 1 1 P1P s p s s
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P p s p s S1
0 .1 1 2 7 9 0 E + 0 3 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P p s p s S1
0 . 159909E+03 0 . 139284E+03 - 0 . 1 19928E+04 -1 1 P1S s s s s
0 . 159500E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s s s S1
0 . 158992E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s s s S1
0 . 138076E+03 0 . 131463E+03 0 .4 3 2 3 9 2 E + 0 2 - 1 1 P1S s s s p
0 . 137932E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s s s P1
0 . 135891E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s s s P1
0 . 1 16396E+03 - 0 . 185997E+02 -0 .4 91925E + 01 -1 1 P1S s s p p
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s s p P1
0 .1 1 2 7 9 0 E + 0 3 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s s p P1
0 . 138077E+03 0 .429660E + 01  - 0 .479387E + 02 - 1 1 P1S s s p s
0 . 137932E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H I P s s s p S1
0 .1 3 5 8 9 1 E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s s p S1
0 .9 4 7 9 5 0 E + 0 2 -0 .2 5 5 8 1 2 E + 0 1  -0 .5 6 7 3 1 8 E + 0 0 -1 1 P1S s p p p
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s p p P1
0 .8 9 6 8 9 1 E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s p p P1
0 . 1 16396E+03 -0 .9 5 7 7 0 2 E + 0 0  0 .1 3 0 7 4 5 E + 0 2 -1 1 P1S s p p s
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s p p S1
0 . 1 12790E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s p p S1
0 . 138077E+03 0 .429660E + 01 -0 .4 7 9 3 8 7 E + 0 2 -1 1 P1S s p s s
0 . 137932E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s s p s S1
0 .1 3 5 8 9 1 E+03 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s s p s S1
0 .7 3 2 4 0 2 E + 0 2 0 .847082E + 01 0 .161915E + 01 -1 1 P1S p p p p
0 .9 4 7 9 5 0 E + 0 2 -0 .3 9 6 3 0 1 E -0 1  0 .6 3 9 4 1 1E+00 -1 1 P1S p p p s
0 .9 4 7 9 4 6 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s p p p S1
0 .8 9 6 8 9 1 E+02 O f f s e t  i s  s u b c r i t i c a l . -1 1 H2P s p p p S1
0 . 1 16396E+03 -0 .4 0 3 7 6 7 E + 0 0  0 .551220E + 01 1 P1S p p s s
0 . 1 16363E+03 A r r i v a l  to o  c l o s e  t o  r e f l e c t . -1 1 H1P s p p s S1
0 . 1 12790E+03 O f f s e t  i s  s u b c r i t i c a l . 1 H2P s p p s S1
0 . 138077E+03 0 .429660E + 01 -0 .4 7 9 3 8 7 E + 0 2 -1 1 P1S p s s s






























































O f f s e t  i s  s u b c r i t i c a l .0 .1 3 5 8 9 1 E+03 
0 .3 3 7 7 7 0 E + 0 2  
0 .5 5 2 0 7 0 E + 0 2  
0 .6 4 4 4 4 9 E + 0 2  
0 .4 3 0 1 4 3 E + 0 2  
0 .7 3 6 9 2 2 E + 0 2  
0 .5 2 2 6 0 4 E + 0 2  
0 .4 3 0 1 4 3 E + 0 2  
0 .6 4 4 4 4 9 E + 0 2  
0 .8 2 9 5 8 1 E+02 
0 .6 1 5 2 3 9 E + 0 2  
0 .5 2 2 6 0 4 E + 0 2  
0 .7 3 6 9 2 2 E + 0 2  
0 .4 3 0 1 4 3 E + 0 2  
0 .6 4 4 4 4 9 E + 0 2  
0 .7 3 6 9 2 2 E + 0 2  
0 .9 2 2 7 2 1 E+02 
0 . 708309E+02 
0 .6 1 5 2 3 9 E + 0 2  
0 .8 2 9 5 8 1 E+02 
0 .5 2 2 6 0 4 E + 0 2  
0 . 736922E+02 
0 .8 2 9 5 8 1 E+02 
0 .4 3 0 1 4 3 E + 0 2  
0 .6 4 4 4 4 9 E + 0 2  
0 . 736922E+02 
0 .8 2 9 5 8 1 E + 0 2  
0 .4 2 5 0 6 0 E + 0 2  
0 .6 3 9 3 9 1 E+02 
0 .8 5 3 7 2 5 E + 0 2  
0 .6 3 9 3 9 1 E + 0 2  
0 . 106806E+03 
0 .8 5 3 7 2 5 E + 0 2  
0 .6 3 9 3 9 1 E + 0 2  
0 .8 5 3 7 2 5 E + 0 2  
0 . 1 16106E+03 
0 .9 4 6 6 7 3 E + 0 2  
0 .7 3 2 2 9 0 E + 0 2  
0 .9 4 6 6 7 3 E + 0 2  
0 .5 1 7 9 1 5 E + 0 2  
0 .7 3 2 2 9 0 E + 0 2  
0 .9 4 6 6 7 3 E + 0 2  
0 . 125553E+03 
0 . 104088E+03 
0 .8 2 6 2 8 4 E + 0 2  
0 . 104088E+03 
0 .6 1 1726E+02 
0 .8 2 6 2 8 4 E + 0 2  
0 . 104088E+03 
0 .5 1 7 9 1 5E+02 
0 .7 3 2 2 9 0 E + 0 2  
0 .9 4 6 6 7 3 E + 0 2  
0 . 1 16106E+03 
0 .4 5 2 4 1 9 E + 0 2  
0 .6 6 6 7 0 8 E + 0 2  
0 .7 5 8 9 3 4 E + 0 2  
0 .5 4 4 6 4 5 E + 0 2  
0 .9 4 4 8 2 0 E + 0 2  
0 .7 3 0 5 2 8 E + 0 2  
0 .6 3 8 2 7 4 E + 0 2
- 0 .2 0 8 4 8 1 E+01 
-0 .6 8 1 0 9 3 E -0 3  
-0 .4 5 8 6 7 3 E -0 2  
0 . 1 10272E -01 
-0 .7 6 6 4 7 8 E -0 2  
0.181621E-01 
0 .2 8 6 7 8 8 E -0 1  
0 . 139895E -04  
-0 .2 6 6 8 3 3 E -0 1  
0 .6 1 7 4 7 9 E -0 1  
0 .8 2 9 0 5 4 E -0 1  
0 .6 3 7 2 6 6 E -0 4  
0 .2 8 6 7 8 7 E -0 1  
0 .1 3 9 8 9 5 E -04 
0 . 1 64042E -03  
0 .2 7 5 7 9 5 E -0 1  
-0 .6 0 8 0 0 0 E -0 1  
-0 .6 1 7 4 7 9 E -0 1  
-0 .8 5 7 2 1 9 E -0 4  
- 0 . 181621E -01 
- 0 . 139595E -04  
- 0 .2 2 1 140E -03  
- 0 . 1 10272E -01 
-0 .5 3 7 8 8 6 E -0 5  
-0 .6 3 0 3 3 4 E -0 4  
- 0 .2 2 1 140E -03  
0 .4 3 8 5 0 7 E + 0 2  
0 . 139145E-G1 
- 0 . 124495E -01 
0 . 158953E -01 
-0 .2 7 6 4 3 7 E -0 1  
0 .3 5 2 0 4 2 E -0 1  
0 .2 6 1 2 6 0 E -0 1  
0 . 185037E -04  
-0 .3 1 6 0 3 8 E + 0 0  
0 .3 8 7 4 9 2 E + 0 0  
0 .2 8 3 2 7 5 E + 0 0  
0 .4 1 6 7 8 1 E -0 3  
-0 .5 5 8 3 4 3 E + 0 0  
-0 .7 5 9 1 3 3 E -0 3  
0 . 75 8 9 4 4 E -0 3  
0 .5 6 3 9 8 5 E + 0 0  
-0 .6 1 8 6 7 9 E + 0 0  
- 0 .4 5 4 8 4 1E+00 
-0 .2 2 2 0 2 9 E -0 2  
0 .8 0 8 2 0 3 E + 0 0  
0 .3 4 2 0 5 4 E -0 2  
-0 .3 9 9 5 5 6 E -0 2  
0 .5 5 8 3 4 3 E + 0 0  
0 .7 5 9 1 3 4 E -0 3  
-0 .7 5 8 9 4 4 E -0 3  
-0 .1 8 8 7 3 8 E -0 2  
-0 .2 1 5 4 5 8 E + 0 2  
-0 .1 4 5 4 6 5 E -0 2  
-0 .7 1 4 3 8 3 E -0 3  
0 .1 7 7 7 5 9 E -0 2  
-0 .2 1 2 7 9 5 E -0 1  
0 . 524794E -01  
0 . 161657E -01
-0 .4 5 1 5 4 1 E -0 1  
0 . 108401E+00 
0 .6 0 9 4 5 6 E + 0 0  
0 .2 8 5 2 7 3 E -0 3  
0 .8 1 6 8 0 6 E + 0 0  
0 .5 8 3 3 3 7 E -0 3  
0 .7 4 1 9 1 6 E -0 3  
- 0 . 185883E -02  
0 .2 1 3 8 4 9E+01 
0 .2 6 1 8 8 6 E -0 2  
0 .2 6 6 2 7 9 E -0 2  
- 0 .6 7 9 1 10E -02 
0 .7 4 1 9 1 6 E -0 3  
- 0 . 185883E -02  
-0 .1 7 4 8 1 3 E -0 1  
- 0 . 146422E+01 
-0 .3 8 3 5 9 1 E -0 2  
-0 .2 6 1 8 8 6 E -0 2  
0 .6 8 7 0 0 6 E -0 2  
-0 .5 8 3 3 3 7 E -0 3  
0 . 148761E -02  
0 . 177230E -01 
-0 .2 8 5 2 7 3 E -0 3  
0 .7 1 4 7 0 8 E -0 3  
0 .6 7 1 7 2 3 E -0 2  
0 .1 7 7 2 3 0 E -0 1  
0 . 166743E+01 
-0 .1 2 4 7 7 7 E + 0 1  
0 . 108620E+01 
0 .6 2 0 8 3 4 E -0 3  
0 .234500E + 01 
0 .1 4 1 3 2 7 E -0 2  
0 . 102042E -02  
- 0 . 161443E -02  
0 . 185297E+02 
0 .2 2 2 6 6 7 E -01 
0 .1 5 6 6 4 1 E -0 1  
-0 .2 5 4 2 3 8 E -0 1  
-0 .2 9 7 4 6 2 E -0 1  
0 .4 8 1 168E-01 
-0 .4 6 2 9 5 9E-01 
- 0 . 174561E+Q2 
-0 .6 5 1 2 6 5 E -0 1  
-0 .4 4 5 5 2 6 E -0 1  
0 .7 4 1 9 6 5 E -0 1  
0 .7 4 0 1 6 6 E -0 1  
- 0 . 122759E+00 
0 . 133522E+00 
0 .2 9 7 4 6 2 E -0 1  
- 0 .4 8 1 169E-01 
0 .4 6 2 9 5 9 E -0 1  
0 . 110659E+00 
-0 .2 1 4 8 4 8 E + 0 0  
0 .5 0 6 9 7 2 E + 0 0  
0 .2 3 0 1 7 1 E+00 
0 . 191624E-Q4 
0 .501258E + 01 
0 .7 7 1 6 8 1 E -03 





























































T 3 8 2 2 125
105 0 .8 5 2 5 6 5 E + 0 2 0 . 197490E -05 -0 .5 1 7 1 9 7 E -0 3 -1 1 P1P2P3S3P2S1
106 0 . 1 13091E+03 0 .9 6 7 6 0 1 E -02 - 0 . 143824E+01 -1 1 P1P2S3S3S2S1
107 0 .9 1 6 6 0 5 E + 0 2 -0 .2 3 3 9 2 5 E -0 1 -0 .5 4 1 8 8 0 E -0 3 -1 1 P1P2S3S3S2P1
108 0 .8 2 4 2 6 6 E + 0 2 -0 .6 1 0 1 5 1 E -0 2 - 0 . 120289E -03 -1 1 P1P2S3S3P2P1
109 0 . 103856E+03 - 0 . 169212E -05 0 .2 9 6 2 4 9 E -0 3 -1 1 P1P2S3S3P2S1
110 0 .6 3 8 2 7 4 E + 0 2 - 0 . 161657E-01 -0 .2 1 4 0 3 2 E -0 3 -1 1 P1P2S3P3P2P1
111 0 .8 5 2 5 6 5 E + 0 2 - 0 . 197490E -05 0 .5 1 7 1 9 7 E -0 3 -1 1 P1P2S3P3P2S1
112 0 .9 4 4 8 2 0 E+02 - 0 . 130123E -05 0 .3 0 6 5 1 7 E -0 3 -1 1 P1P2S3P3S2S1
113 0 . 122332E+03 0 .4 1 2 6 1 5 E -0 1 -0 .5 0 3 7 9 5 E + 0 1 -1 1 P1S2S3S3S2S1
114 0 .1 0 0 9 0 1 E+03 -0 .9 8 5 4 4 9 E -0 1 -0 .2 7 6 9 2 8 E -0 2 -1 1 P1S2S3S3S2P1
115 0 . 916605E+02 -0 .2 3 3 9 2 5 E -0 1 -0 .5 4 1 8 8 0 E -0 3 -1 1 P1S2S3S3P2P1
116 0..113091 E+03 -0 .9 0 7 0 9 4 E -0 5 0 . 134830E -02 -1 1 P1S2S3S3P2S1
117 ' 0 .7 3 0 5 2 8 E + 0 2 -0 .5 2 4 7 9 5 E -0 1 -0 .7 7 1 6 8 1 E -0 3 -1 1 P1S2S3P3P2P1
118 0 . 944820E+02 - 0 . 795004E -05 0 . 187271E -02 -1 1 P1S2S3P3P2S1
119 0 . 103709E+03 -0 .5 5 7 6 4 6 E -0 5 0 . 1 16680E -02 -1 1 P1S2S3P3S2S1
120 0 .5 4 4 6 4 5 E + 0 2 0 .1 7 7 7 5 9 E -0 2 0 . 191624E -04 -1 1 P1S2P3P3P2P1
121 0 . 758934E+02 0 . 142697E -06 -0 .4 5 9 7 6 4 E -0 4 -1 1 P1S2P3P3P2S1
122 0 .8 5 1 167E+02 0 .8 4 7 7 9 9 E -0 7 - 0 .2 5 0 8 4 1E-0 4 -1 1 P1S2P3P3S2S1
123 0 . 103709E+03 0 .5 5 7 6 4 6 E -0 5 - 0 . 1 16680E -02 -1 1 P1S2P3S3S2S1
RECEIVER #  19 IN LAYER # 1 , RECEIVER POSI : R= 3 9 .0 0 0 0  HR= 0 .0
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 .1 1 1429E+03 0 .5 3 1 6 1 8 E + 0 0 0 . 138273E+03 1 1 P1
2 0 . 1 12675E+03 -0 .6 1 6 4 8 9 E + 0 2 -0 .4 1 0 9 9 1 E+03 -1 1 P1P1
2 0 .3 9 9 7 0 3 E + 0 2 0 .2 8 0 9 1 3E+01 0 . 187274E+02 -1 1 P1H1P1
2 0 .8 7 3 6 1 4 E + 0 2 0.396148E + 01 0 .2 6 4 0 9 7 E + 0 2 -1 1 P1H2P1
3 0 . 140482E+03 0 .5 1 2 0 2 8 E + 0 2 - 0 . 172262E+03 -1 1 P1S1
3 0 .6 1 5 3 8 8 E + 0 2 O.OOOOOOE+OO O.OOOOOOE+OO - 1 1 PI HI SI
3 0 . 110462E+03 0 .0 0 0 0 0 0 E + 0 0 O.OOOOOOE+OO -1 1 P1H2S1
4 0 . 1 16459E+03 -0 .4 3 8 4 9 7 E + 0 2 - 0 . 144315E+03 -1 1 P1P1P1P1
4 0 . 567230E+02 -0 .5 8 0 1 5 2 E + 0 0 - 0 . 190935E+01 -1 1 P1H1P1P1P1
4 0 . 100040E+03 -0 .1 0 1 2 0 3 E + 0 1 -0 .3 33072E + 01 -1 1 P1H2P1P1P1
5 0 .1 4 3 0 7 5 E + 0 3 -0 .8 3 7 7 3 4 E + 0 2 0 .2 8 9 108E + 03 -1 1 P1P1P1S1
5 0 .7 8 2 9 1 5E+02 0 . 1 77374E -01 -0 .6 1 2 1 2 9 E -0 1 -1 1 P1H1P1P1S1
5 0 . 123141E+03 0 . 1 18496E+00 -0 .4 0 8 9 3 7 E + 0 0 -1 1 P1H2P1P1S1
6 0 . 170233E+03 -0 .2 5 3 2 0 0 E + 0 1 0.860597E + 01 -1 1 P1P1S1S1
6 0 .9 9 8 6 0 0 E + 0 2 -0 .7 5 0 1 0 1 E -0 1 0 .2 5 4 9 5 OE+OO -1 1 P1H1P1S1S1
6 0 . 146242E+03 -0 .4 6 1 0 4 0 E + 0 0 0 . 156702E+01 -1 1 P1H2P1S1S1
7 0 . 143075E+03 -0 .2 5 2 8 2 6 E + 0 2 -0 .1 0 8 9 3 1 E+03 -1 1 P1P1S1P1
7 0 .7 8 2 9 1 5E+02 0 .6 0 2 0 8 1 E+00 0 .259407E + 01 - 1 1 P1H1P1S1P1
7 0 . 123141E+03 0 .9 5 9 3 2 4 E + 0 0 0 .413326E + 01 -1 1 P1H2P1S1P1
8 0 . 197996E+03 -0 .5 3 6 0 6 9 E + 0 2 0 . 180404E+03 -1 1 P1S1S1S1
8 0 . 121428E+03 0 .4 3 7 7 5 3 E + 0 0 - 0 . 147318E+Q1 -1 1 P1H1S1S1S1
8 0 . 169342E+03 0.249109E + 01 -0 .8 3 8 3 3 1 E+01 -1 1 P1H2S1S1S1
9 0 . 170233E+03 0.995827E + 01 0 .6 3 3 8 3 1 E+02 -1 1 P1S1S1P1
9 0 .9 9 8 6 0 0 E + 0 2 -0 .2 0 1 4 2 0 E + 0 1 -0 .1 2 8 2 0 1 E+02 -1 1 P1H1S1S1P1
9 0 . 146242E+03 -0 .2 9 5 2 6 9 E + 0 1 - 0 .1 8 7 9 3 5 E+02 -1 1 P1H2S1S1P1
10 0 . 143075E+03 -0 .2 5 2 8 2 6 E + 0 2 - 0 .1 0 8 9 3 1 E+03 -1 1 P1S1P1P1
10 0 .7 8 2 9 1 5 E+02 -0 .5 4 4 9 1 9 E + 0 1 -0 .2 3 4 7 7 9 E + 0 2 -1 1 P1H1S1P1P1
10 0 .1 2 3 1 4 1 E+03 -0 .8 6 8 2 4 5 E + 0 1 - 0 .3 7 4 0 8 5 E+02 -1 1 P1H2S1P1P1
11 0 . 170233E+03 0 .384862E + 01 -0 .1 3 0 8 1 0 E + 0 2 -1 1 P1S1P1S1
11 0 .998 6 0 0 E + 0 2 0 .8 5 7 1 13E-01 -0 .2 9 1 3 2 2 E + 0 0 -1 1 P1H1S1P1S1
11 0 . 146242E+03 0 .5 2 6 8 1 3E+00 - 0 . 179058E+01 -1 1 P1H2S1P1S1
12 0 .4 1 4 9 2 2 E + 0 2 -0 .6 4 4 0 4 4 E + 0 1 - 0 . 130729E+01 -1 1 P1P2P2P1
12 0 .4 0 7 5 1 4 E + 0 2 0 . 152365E+02 0.309272E + 01 -1 1 P1P2H1P2P1
13 0 .6 3 0 4 3 7 E + 0 2 - 0 . 199613E+00 0.350161E + 01 -1 1 P1P2P2S1






























































0 .7 4 7 2 4 0 E + 0 2 0 .1 2 6 7 5 4 E + 0 0 -0 .212697E + 01 - 1 1 P1P2S2S1
0 .5 3 1 6 0 8 E + 0 2 - 0 .9 1 1413E-01 -0 .1 9 3 9 1 9 E -0 1 - 1 1 P1P2S2P1
0 . 1 15514E+03 0 .1 4 6 9 1 0E+02 -0 .8 0 5 9 2 5 E + 0 2 - 1 1 P1S2S2S1
0 .8 3 4 7 6 8 E + 0 2 -0 .3 0 4 9 4 0 E + 0 0 0 . 167285E+01 - 1 1 P1S2H1S2S1
0 .870899E + 02 0 . 142739E+00 -0 .7 8 3 0 4 0 E + 0 0 -1 1 P1H2S2S2S1
0 . 110482E+03 O n ly  1 s t  and  2nd t r e a t e d . -1 1 P1H3S2S2S1
0 .9 2 6 8 4 8 E + 0 2 - 0 . 103780E+03 -0 .8 2 7 1 2 8 E + 0 2 -1 1 P1S2S2P1
0 .6 1 9 5 3 5 E + 0 2 0 . 104219E+02 0.830629E + 01 -1 1 P1S2H1S2P1
0 .6 5 5 2 1 4 E + 0 2 - 0 . 193803E+01 - 0 . 154461E+01 -1 1 P1H2S2S2P1
0 .8 8 2 1 2 9 E + 0 2 O n ly  1 s t  and  2nd t r e a t e d . -1 1 P1H3S2S2P1
0 .5 3 1 6 0 8 E + 0 2 0 .9 1 1 4 1 3E-01 0 . 193919E-01 - 1 1 P1S2P2P
0 .7 4 7 2 4 0 E + 0 2 0 .2 9 8 8 6 7 E -02 -0 .5 0 1 5 0 9 E -0 1 -1 1 P1S2P2S
0 . 122545E+03 0 .9 3 9 2 1 7E+01 0 .205205E + 02 -1 1 P1P1P1P P1P1
0 .7 3 4 7 5 8 E + 0 2 - 0 . 100778E+01 -0 .220186E + 01 - 1 1 P1H1P1P P1P1P1
0 . 1 12718E+03 - 0 . 229837E+01 -0 .5 0 2 1 6 1 E+01 -1 1 P1H2P1P P1P1P1
0 . 148147E+03 -0 .2 9 7 6 8 0 E + 0 2 0 . 107759E+03 - 1 1 P1P1P1P P1S1
0 .9 5 0 4 4 3 E + 0 2 0 .2 3 9 4 8 8 E -0 1 -0 .8 6 6 9 3 5 E -0 1 - 1 1 P1H1P1P P1P1S1
0 .1 3 5 8 1 9E+03 0 .2 0 4 1 10E+00 -0 .7 3 8 8 6 9 E + 0 0 -1 1 P1H2P1P P1P1S1
0 . 1 74182E+03 0 . 1 21693E+02 -0 .4 3 0 0 1 4 E + 0 2 -1 1 P1P1P1P S1S1
0 . 1 16613E+03 0 .6 5 6 8 1 0 E -0 1 -0 .2 3 2 0 9 0 E + 0 0 - 1 1 P1H1P1P P1S1S1
0 . 158920E+03 0 .5 0 4 4 0 0 E + 0 0 - 0 . 178234E+01 -1 1 P1H2P1P P1S1S1
0 . 148147E+03 - 0 . 144079E+02 -0 .3 7 0 3 4 7E+02 -1 1 P1P1P1P S1P1
0 .9 5 0 4 4 3 E + 0 2 -0 .3 6 4 3 1 0 E + 0 0 -0 .9 3 6 4 3 8 E + 0 0 - 1 1 P1H1P1P P1S1P1
0 .1 3 5 8 1 9E+03 - 0 . 740543E+00 - 0 . 190352E+01 -1 1 P1H2P1P P1S1P1
0 .2 0 0 7 1 0E+03 0 . 193190E+02 -0 .6 6 8 5 0 8 E + 0 2 -1 1 P1P1P1S S1S1
0 . 138181E+03 0 .3 8 6 7 9 2 E -0 2 - 0 . 133844E-01 - 1 1 P1H1P1P S1S1S1
0 .1 8 2 0 2 1 E+03 0 .2 7 0 1 2 2 E -0 1 -0 .9 3 4 7 2 1 E -0 1 -1 1 P1H2P1P S1S1S1
0 . 1 74182E+03 - 0 . 776871E+02 -0 .2 4 4 5 4 7 E + 0 3 -1 1 P1P1P1S S1P1
0 . 1 16613E+03 -0 .3 2 4 2 8 6 E -0 1 - 0 . 102080E+00 -1 1 P1H1P1P S1S1P1
0 . 158920E+03 -0 .5 9 3 9 6 5 E -0 1 -0 .1 8 6 9 7 1 E+00 -1 1 P1H2P1P SI SI PI
0 . 148147E+03 - 0 . 144079E+02 - 0 .3 7 0 3 4 7E+02 -1 1 P1P1P1S P1P1
0 .9 5 0 4 4 3 E + 0 2 -0 .3 6 4 3 1 0 E + 0 0 -0 .9 3 6 4 3 8 E + 0 0 - 1 1 P1H1P1P S1P1P1
0 .1 3 5 8 1 9E+03 -0 .7 4 0 5 4 3 E + 0 0 - 0 . 190352E+01 -1 1 P1H2P1P S1P1P1
0 .1 7 4 1 8 2 E + 0 3 - 0 .2 8 0 0 7 1 E+02 0.9 8 9 6 5 7 E + 0 2 -1 1 P1P1P1S P1S1
0 . 1 16613E+03 0 .9 5 8 2 5 6 E -0 2 -0 .3 3 8 6 0 8 E -0 1 -1 1 P1H1P1P S1P1S1
0 . 158920E+03 0 .7 3 5 8 9 7 E -0 1 -0 .2 6 0 0 3 6 E + 0 0 -1 1 PTH2P1P S1P1S1
0 .2 2 7 7 9 6 E + 0 3 0 . 105795E+02 -0 .3 6 0 0 6 2 E + 0 2 - 1 1 P1P1S1S S1S1
0 . 159750E+03 0 .5 8 0 2 7 0 E -0 1 - 0 . 197489E+00 -1 1 P1H1P1S S1S1S1
0 .2 0 5 1 2 2 E + 0 3 0 .3 7 1 4 2 5 E + 0 0 - 0 .1 2 6 4 1 1 E+01 -1 1 P1H2P1S S1S1S1
0 .2 0 0 7 1 0E+03 0.609477E + 01 0.2 5 0 6 7 0 E + 0 2 -1 1 P1P1S1S S1P1
0 . 138181E+03 -0 .4 1 2 4 4 4 E + 0 0 - 0 . 169633E+01 - 1 1 P1H1P1S S1S1P1
0 .1 8 2 0 2 1 E+03 -0 .6 8 6 9 8 1 E+00 -0 .282547E + 01 -1 1 P1H2P1S S1S1P1
0 . 174182E+03 0 .492480E + 01 0 . 155025E+02 -1 1 P1P1S1S P1P1
0 . 1 16613E+03 0 . 5 1 1550E+00 0 .1 6 1 028E +01 -1 1 P1H1P1S S1P1P1
0 . 158920E+03 0 .9 3 6 9 6 0 E + 0 0 0.294940E + 01 -1 1 P1H2P1S S1P1P1
0 .2 0 0 7 1 0E+03 0.228536E + 01 - 0 . 790819E+01 -1 1 P1P1S1S P1S1
0 .1 3 8 1 8 1 E+03 -0 .8 6 0 4 6 0 E -0 2 0 .2 9 7 7 5 1 E -0 1 -1 1 P1H1P1S S1P1S1
0 .1 8 2 0 2 1 E+03 -0 .6 0 0 9 1 4 E -0 1 0 .2 0 7 939E + 00 -1 1 P1H2P1S S1P1S1
0 .1 4 8 1 4 7 E + 0 3 - 0 . 144079E+02 -0 .3 7 0 3 4 7 E + 0 2 -1 1 P1P1S1P P1P1
0 .9 5 0 4 4 3 E + 0 2 -0 .3 6 4 3 1 0 E + 0 0 -0 .9 3 6 4 3 8 E + 0 0 -1 1 P1H1P1S P1P1P1
0 .1 3 5 8 1 9E+03 -0 .7 4 0 5 4 3 E + 0 0 - 0 . 190352E+01 -1 1 P1H2P1S P1P1P1
0 . 174182E+Q3 - 0 .2 8 0 0 7 1 E+02 0 .9 8 9 6 5 7 E + 0 2 -1 1 P1P1S1P P1S1
0 . 1 16613E+03 0 .9 5 8 2 5 5 E -0 2 -0 .3 3 8 6 0 8 E -0 1 -1 1 P1H1P1S P1P1S1
0 . 158920E+03 0 .7 3 5 8 9 7 E -0 1 -0 .2 6 0 0 3 6 E + 0 0 -1 1 P1H2P1S P1P1S1
0 .2 0 0 7 1 0E+03 0 .228536E + 01 - 0 . 790819E+01 -1 1 P1P1S1P S1S1
0 . 138181E+03 -0 .8 6 0 4 6 0 E -0 2 0 .2 9 7 7 5 1 E -0 1 -1 1 P1H1P1S P1S1S1
0 . 182021E+03 -0 .6 0 0 9 1 5 E -0 1 0 .2 0 7 939E + 00 -1 1 P1H2P1S P1S1S1
0 .2 5 5 5 1 1E+03 -0 .5 8 3 8 0 5 E + 0 1 0 . 196539E+02 - 1 1 P1S1S1S S1S1
0 . 181318E+03 - 0 .2 1 1344E+00 0 .7 1 1490E+00 -1 1 P1H1S1S S1S1S1






























































0 . 227796E+03 
0 .1 5 9 7 5 0E+03 
0 .2 0 5 1 2 2 E + 0 3  
0 .2 0 0 7 1 0E+03 
0 .1 3 8 1 8 1 E+03 
0 .1 8 2 0 2 1 E+03 
0 .2 2 7 7 9 6 E + 0 3  
0 .1 5 9 7 5 0E+03 
0 .2 0 5 1 2 2 E + 0 3  
0 . 174182E+03 
0 .1 1 6 6 1 3E+03 
0 . 158920E+03 
0 .2 0 0 7 1 0E+03 
0 . 138181E+03 
0 .1 8 2 0 2 1 E+03 
0 .2 2 7 7 9 6 E + 0 3  
0 . 159750E+03 
0 .2 0 5 1 2 2 E + 0 3  
0 . 148147E+03 
0 .9 5 0 4 4 3 E + 0 2  
0 . 135819E+03 
0 . 174182E+03 
0 . 1 16613E+03 
0 . 158920E+03 
0 .2 0 0 7 1 0 E + 0 3  
0 . 138181E+03 
0 . 182021E+03 
0 .2 2 7 7 9 6 E + 0 3  
0 . 159750E+03 
0 .2 0 5 1 2 2 E + 0 3  
0 .4 5 5 6 3 8 E + 0 2  
0 .6 7 0 8 2 8 E + 0 2  
0 . 777467E+02 
0 . 776709E+02 
0 .5 6 2 1 4 0 E + 0 2  
0 .5 6 1 4 7 5 E + 0 2  
0 .8 8 7 7 8 7 E + 0 2  
0 .8 8 2 7 1 9E+02 
0 .6 7 2 3 1 0 E + 0 2  
0 .6 6 7 4 8 6 E + 0 2  
0 . 562140E+02 
0 .5 6 1 4 7 5 E + 0 2  
0 .7 7 7 4 6 7E+02 
0 .7 7 6 7 0 9 E + 0 2  
0 . 100334E+03 
0 .9 8 8 7 2 9 E + 0 2  
0 .7 8 7 7 2 0 E + 0 2  
0 . 773496E+02 
0 .6 7 2 3 1 0E+02 
0 .6 6 7 4 8 6 E + 0 2  
0 .8 8 7 7 8 7 E + 0 2  
0 .8 8 2 7 1 9E+02 
0 .5 6 2 1 4 0 E + 0 2  
0 .5 6 1 4 7 5 E + 0 2  
0 . 777467E+02 
0 .7 7 6 7 0 9 E + 0 2  
0 .8 8 7 7 8 7 E + 0 2  
0 .8 8 2 7 1 9 E + 0 2  
0 . 128815E+03 
0 . 109474E+03
-0 .4 3 9 6 7 3 E + 0 2  
0.113161E+01 
0 . 1 72757E+01 
0 .609477E + 01 
-0 .8 3 6 4 0 6 E + 0 0  
- 0 . 139315E+01 
- 0 . 169578E+02 
0 .2 8 8 2 5 7 E -0 1  
0 .1 8 4 5 1 1E+00 
-0 .7 7 6 8 7 1 E+02 
0 .971 8 4 5 E + 0 0  
0 .178004E + 01 
-0 .4 2 9 7 7 1 E+02 
-0 .2 0 3 8 5 7 E -0 1  
- 0 . 142367E+00 
- 0 . 169578E+02 
0 .2 8 8 2 5 7 E -0 1  
0 .1 8 4 5 1 1E+00 
- 0 . 144079E+02 
-0 .261423E + 01  
-0 .5 31400E + 01  
-0 .2 8 0 0 7 1 E + 0 2  
0 .5 4 6 6 2 7 E -0 1  
0 .4 1 9 784E + 00  
0 .228536E + 01 
0 .3 8 3 3 6 2 E + 0 0  
0 .267726E + 01 
- 0 . 169578E+02 
0 .2 8 8 2 5 7E-01 
0 .1 8 4 5 1 1E+00 
-0 .5 16628E + 01  
- 0 . 122668E+00 
-0 .2 0 9 8 5 4 E + 0 0
-0 .5 5 9 6 5 8 E -0 2  
- 0 . 164751E-01 
0 .4 5 5 5 6 9 E -0 2  
0 . 160730E-01 
0 . 108752E -02
0 .3 5 9 3 3 6 E -0 3  
0 .2 5 3 5 0 4 E + 0 0  
0 .987554E + 01 
0 .1 7 5 0 1 1E-01
- 0 .2 6 6 6 1 2E+03 
0 .686195E + 01 
0 . 104758E+02 
0 .2 5 0 6 7 1 E+02 
-0 .3 4 4 0 0 4 E + 0 1  
-0 .5 7 2 9 8 4 E + 0 1  
0 .5 7 7 1 4 1 E + 0 2  
-0 .9 8 1 0 5 6 E -0 1  
-0 .6 2 7 9 6 4 E + 0 0  
-0 .2 4 4 5 4 7 E + 0 3  
0 .305921E + 01  
0 . 560328E+01 
0 .1 4 8 7 1 7E+03 
0 .7 0 5 4 2 2 E -0 1  
0 .4 9 2 6 4 1 E + 0 0  
0 .5 7 7 1 4 1 E + 0 2  
-0 .9 8 1 0 5 6 E -0 1  
-0 .6 2 7 9 6 4 E + 0 0  
-0 .3 7 0 3 4 7 E + 0 2  
-0 .6 7 1 9 7 1 E + 0 1  
- 0 . 136593E+02 
0 .9 8 9 6 5 7E+02 
- 0 . 193155E+00 
- 0 . 148335E+01 
- 0 .7 9 0 8 1 9E+01 
- 0 . 132658E+01 
-0 .9 2 6 4 3 2 E + 0 1  
0 .5 7 7 1 4 1 E + 0 2  
-0 .9 8 1 0 5 6 E -0 1  
-0 .6 2 7 9 6 4 E + 0 0  
-0 .8 9 5 2 7 7 E + 0 0  
0 .250293E + 01 
0 .399408E + 01
0 .9 4 4 4 0 4 E -0 1
0 .2 7 8 0 1 3 E + 0 0
0 .9 6 3 4 4 3 E -0 3
0 .3 3 9 9 1 4 E -0 2
0 .2 1 7 1 2 1 E -0 3
-0 .6 4 0 2 0 3 E -0 2  
-0 .4 5 1 6 5 0 E + 0 1  
-0 .6 3 8 1 3 3 E + 0 2  
- 0 . 1 13088E+00
A r r i v a l  to o  c l o s e  t o  r e f l e c t .
0 .3 3 1 1 12E+00 0 .6 1 6 8 1 7 E -0 1
A r r i v a l  to o  c l o s e  t o  r e f l e c t .
0 .1 0 9 2 5 1 E-01 - 0 . 194644E+00 
-0 .1 6 1 7 1 8 E + 0 0  0 .288122E + 01
- 0 . 127728E -01 -0 .2 5 5 0 0 5 E -0 2
A r r i v a l  to o  c l o s e  t o  r e f l e c t .
0 .8 2 9 3 8 0 E + 0 0  0 .1 5 4 5 0 2 E + 0 0
A r r i v a l  to o  c l o s e  t o  r e f l e c t .
0 .2 1 4 0 3 8 E -0 1  -0 .4 0 7 3 7 0 E + 0 0
A r r i v a l  to o  c l o s e  t o  r e f l e c t .
A r r i v a l  to o  c l o s e  t o  r e f l e c t  
0 . 130841E -03  -0 .2 3 3 1 0 9 E -0 2
0 .5 2 7 2 2 8 E -0 2  -0 .9 3 9 3 2 4 E -0 1
0 .8 2 9 3 8 0 E + 0 0  0 .1 5 4 5 0 2 E + 0 0
A r r i v a l  to o  c l o s e  t o  r e f l e c t  
0 .2 1 4 0 3 8 E -0 1  -0 .4 0 7 3 7 0 E + 0 0


























































































































0 .1 1 2641E+03 -0 .6 9 1 5 9 6 E -0 1 0 .446892E + 00 -1 1 P1H2S2S2S2S2S1
0 . 128506E+03 O n ly  1 s t  an d  2nd t r e a t e d . -1 1 P1H3S2S2S2S2S1
0 . 106423E+03 -0 .7 6 0 2 8 8 E + 0 2 -0 .4 7 2 3 2 9 E + 0 2 - 1 1 P1S2S2S2S2P1
0 .8 7 9 5 0 7 E + 0 2 -0 .5 3 9 3 5 5 E -0 1 -0 .3 3 5 0 7 4 E -0 1 -1 1 P1S2H1S2S2S2P1
0 .9 1 0 7 2 5 E + 0 2 0 . 124699E+01 0 .7 74689E + 00 -1 1 P1H2S2S2S2S2P1
0 . 106237E+03 O n ly  1 s t  an d  2nd  t r e a t e d . -1 1 P1H3S2S2S2S2P1
0 .7 8 7 7 2 0 E + 0 2 -0 .4 5 5 5 7 0 E -0 2 -0 .9 6 3 4 4 3 E -0 3 -1 1 P1S2S2S2P2P1
0 .7 7 3 4 9 6 E + 0 2 - 0 . 198867E -01 -0 .4 2 0 5 6 5 E -0 2 -1 1 P1S2H1S2S2P2P1
0 . 100334E+03 - 0 . 146763E -03 0 .2 4 7 6 5 8 E -0 2 -1 1 P1S2S2S2P2S1
0 .9 8 8 7 2 9 E + 0 2 -0 .5 3 2 3 0 2 E -0 3 0 .8 9 8 2 4 1 E -02 -1 1 P1S2H1S2S2P2S1
0 .6 7 2 3 1 0 E + 0 2 0 . 127728E -01 0 .2 5 5 0 0 5 E -0 2 -1 1 P1S2S2P2P2P1
0 .6 6 7 4 8 6 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . -1 1 H1P1S2S2P2P2P1
0 .8 8 7 7 8 7E+02 0 .4 1 4 9 2 8 E -0 3 -0 .7 3 9 2 4 8 E -0 2 -1 1 P1S2S2P2P2S1
0 .8 8 2 7 1 9 E + 0 2 -0 .7 9 1 3 3 3 E -0 2 0 . 140986E+00 -1 1 P1S2H1S2P2P2S1
0 . 100334E+03 -0 .3 9 6 0 2 7 E -0 3 0 .6 6 8 2 8 2 E -0 2 - 1 1 P1S2S2P2S2S1
0 .9 8 8 7 2 9 E + 0 2 -0 .5 6 2 0 7 0 E -0 2 0 .9 4 8 4 7 5 E -0 1 -1 1 P1S2H1S2P2S2S1
0 .5 6 2 1 4 0 E + 0 2 -0 .3 3 1 1 1 2 E + 0 0 -0 .6 1 6 8 1 7 E -0 1 -1 1 P1S2P2P2P2P1
0 .5 6 1 4 7 5 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . -1 1 H1P1S2P2P2P2P1
0 . 777467E+02 -0 .8 5 5 5 6 3 E -0 2 0 . 162836E+00 -1 1 P1S2P2P2P2S1
0 .7 7 6 7 0 9 E + 0 2 A r r i v a l  to o  c l o s e  t o  r e f l e c t . - 1 1 H1P1S2P2P2P2S1
0 .8 8 7 7 8 7E+02 - 0 . 149736E -03 0 .2 6 6 7 7 4 E -0 2 -1 1 P1S2P2P2S2S1
0 .8 8 2 7 1 9E+02 0 .5 8 0 7 4 4 E -0 1 - 0 . 103467E+01 -1 1 P1S2H1P2P2S2S1
0 . 100334E+03 -0 .3 9 6 0 2 7 E -0 3 0 .6 6 8 2 8 2 E -0 2 -1 1 P1S2P2S2S2S1
0 .9 8 8 7 2 9 E + 0 2 - 0 . 170233E -02 0 .2 8 7 2 6 3 E -0 1 -1 1 P1S2H1P2S2S2S1
0 .5 8 2 9 3 8 E + 0 2 -0 .1 0 3 3 0 0 E + 0 2 -0 .2 0 8 8 0 3 E + 0 1 -1 2 P1P2P2P1P1P1
0 .5 7 6 2 9 7 E + 0 2 0 .2 8 5 3 5 7E+02 0.576797E + 01 -1 2 P1P2H1P2P1P1P1
0 . 798443E+02 -0 .3 4 2 5 7 9 E -0 1 0 .6 0 3 3 1 7E+00 -1 1 P1P2P2P1P1S1
Q .791531E+02 - 0 . 156272E+00 0.275210E + 01 -1 1 P1P2H1P2P1P1S1
0 . 101395E+03 0 .5 4 5 1 2 8 E -0 1 -0 .9 5 8 6 3 6 E + 0 0 -1 1 P1P2P2P1S1S1
0 . 100676E+03 -0 .7 4 6 7 6 9 E -0 1 0 . 131323E+01 -1 1 P1P2H1P2P1S1S1
0 .7 9 8 4 4 3 E + 0 2 -0 .3 8 7 0 0 5 E -0 1 - 0 . 783470E -02 -1 1 P1P2P2P1S1P1
0 .7 9 1 5 3 1 E+02 0 .1 0 0 8 2 1 E+00 0 .2 0 4 1 06E-01 -1 1 P1P2H1P2P1S1P1
0 .1 2 2 9 4 7E+03 0 .1 2 9 5 4 2 E + 0 0 -0 .227486E + 01 - 1 1 P1P2P2S1S1S1
0 . 122200E+03 -0 .2 6 5 2 9 9 E + 0 0 0.465886E + 01 -1 1 P1P2H1P2S1S1S1
0 . 101395E+03 -0 .9 1 3 9 8 8 E -0 1 * 0 . 185310E-01 -1 1 P1P2P2S1S1P1
0 . 100676E+03 0 .3 5 5 4 0 2 E + 0 0 0 . 720575E-01 -1 1 P1P2H1P2S1S1P1
0 .7 9 8 4 4 3 E + 0 2 - 0 . 180630E+00 -0 .3 6 5 6 7 6 E -0 1 - 1 1 P1P2P2S1P1P1
0 .791 5 3 1 E + 0 2 -0 .2 3 5 9 5 3 E + 0 0 -0 .4 7 7 6 7 3 E -0 1 -1 1 P1P2H1P2S1P1P1
0 . 101395E+03 - 0 . 1 1 9038E -02 0 . 209334E -01 - 1 1 P1P2P2S1P1S1
0 . 100676E+03 0 .2 5 7 2 3 8 E -0 2 -0 .4 5 2 3 6 7 E -0 1 -1 1 P1P2H1P2S1P1S1
0 .1 3 4 6 1 8E+03 -0 .8 2 9 1 0 8 E -0 1 0 .1 3 9 1 78E+01 -1 1 P1P2S2S1S1S1
0 . 1 13055E+03 0 .3 7 3 4 9 3 E -0 1 0 .7 9 4 3 5 7 E -0 2 -1 1 P1P2S2S1S1P1
0 .9 1 4 9 1 7E+02 0 . 137570E+00 0 .2 9 2 4 3 3 E -0 1 -1 1 P1P2S2S1P1P1
0 . 1 13055E+03 0 .5 3 3 6 7 7 E -0 3 -0 .8 9 6 2 9 7 E -0 2 -1 1 P1P2S2S1P1S1
0 .6 9 9 2 8 8 E + 0 2 -0 .9 0 5 0 5 3 E -0 1 - 0 . 192282E-01 -1 1 P1P2S2P1P1P1
0 .9 1 4 9 1 7E+02 -0 .3 5 0 9 0 9 E -0 3 0 . 5 89642E -02 -1 1 P1P2S2P1P1S1
0 . 1 13055E+03 0 .8 5 9 9 6 2 E -0 3 -0 .1 4 4 4 2 8 E -0 1 -1 1 P1P2S2P1S1S1
0 . 174545E+03 -0 .5 0 1 6 4 6 E + 0 1 0 .2 7 6 3 4 2 E + 0 2 -1 1 P1S2S2S1S1S1
0 . 143402E+03 0 .8 7 3 2 3 6 E -0 1 -0 .4 8 1 0 4 0 E + 0 0 -1 1 P1S2H1S2S1S1S1
0 .1 4 6 9 8 0 E + 0 3 -0 .8 1 0 2 9 6 E -0 1 0 .4 4 6 3 6 8 E + 0 0 -1 1 P1H2S2S2S1S1S1
0 .1 6 9 8 6 7E+03 O n ly  1 s t  an d  2nd t r e a t e d . -1 1 P1H3S2S2S1S1S1
0 . 151730E+03 0 .3 2 1 9 2 5 E + 0 2 0 .2 5 4 6 8 7E+02 -1 1 P1S2S2S1S1P1
0 . 121878E+03 -0 .4 7 1 3 3 8 E + 0 0 -0 .3 7 2 8 9 2 E + 0 0 -1 1 P1S2H1S2S1S1P1
0 .1 2 5 4 1 1 E+03 0 .2 9 8 4 4 7 E + 0 0 0 .2 3 6 1 12E+00 -1 1 P1H2S2S2S1S1P1
0 .147 5 9 8 E + 0 3 O n ly  1 s t  an d  2nd t r e a t e d . -1 1 P1H3S2S2S1S1P1
0 .1 2 8 9 4 1 E+03 0.252165E + 01 0 . 196801E+01 -1 1 P1S2S2S1P1P1
0 . 100355E+03 0.319105E + 01 0.249044E + 01 -1 1 P1S2H1S2S1P1P1
0 . 103843E+03 -0 .8 2 0 7 1 5 E + 0 0 -0 .6 4 0 5 2 3 E + 0 0 -1 1 P1H2S2S2S1P1P1
0 . 125328E+03 O n ly  1 s t  and  2nd t r e a t e d . -1 1 P1H3S2S2S1P1P1

























































-0 .9 4 7 1 3 8 E -0 1  0 .5 2 5 8 2 8 E + 0 0
0 .3 1 4 5 2 9 E -0 1  - 0 . 174619E+00
O n ly  1 s t  an d  2nd t r e a t e d .
- 0 . 13908QE+02 - 0 . 106933E+02
0 . 133298E+01 0 .102487E + 01
-0 .1 2 3 5 7 5 E + 0 0  - 0 .9 5 0 1 15E-01
O n ly  1 s t  an d  2nd  t r e a t e d .  
-0 .2 7 2 4 9 7 E + 0 2  0 .1 5 2 6 0 3 E + 0 3
-0 .3 8 5 4 8 8 E -0 1  0 .2 1 5 8 8 0 E + 0 0
0 .4 0 5 4 9 9 E -0 2  -0 .2 2 7 0 8 6 E -0 1
O n ly  1 s t  an d  2nd  t r e a t e d .  
0 .736877E + 01  -0 .4 0 9 0 9 6 E + 0 2
-0 .5 8 6 4 4 8 E + 0 0  0 .325581E + 01
0 . 105109E+00 - 0 .5 8 3 5 4 1 E+00
O n ly  1 s t  an d  2nd  t r e a t e d .
0 . 121878E+03 
0 .1 2 5 4 1 1 E+03 
0 . 147598E+03 
0 . 106179E+03 
0 .7 8 8 3 1 8 E + 0 2  
0 .8 2 2 7 4 2 E + 0 2  
0 . 103059E+03 
0 .1 2 8 9 4 1 E+03 
0 . 100355E+03 
0 .1 0 3 8 4 3 E + 0 3  
0 . 125328E+03 
0 . 151730E+03 
0 . 121878E+03 
0 .1 2 5 4 1 1 E+03 
0 . 147598E+03 
0 .6 9 9 2 8 8 E + 0 2  
0 .9 1 4 9 1 7 E + 0 2  
0 . 1 13055E+03 
0 .1 3 4 6 1 8E+03 
0 .5 1 6 9 4 7E+02 
0 .7 3 1 5 7 8 E + 0 2  
0 .8 2 8 0 0 7 E + 0 2  
0 .6 1 3 3 4 0 E + 0 2  
0 . 103428E+03 
0 .8 1 9 4 1 1E+02 
0 .7 2 0 4 6 3 E + 0 2  
0 .9 3 5 2 6 8 E + 0 2  
0 .1 2 6 8 5 7E+03 
0 . 126404E+03 
0 . 105306E+03 
0 .1 0 4 8 8 1 E+03 
0 .9 4 2 9 9 2 E + 0 2  
0 .9 4 2 8 0 0 E + 0 2  
0 . 1 15829E+03 
0 . 1 15803E+03 
0 . 720463E+02 
0 .9 3 5 2 6 8 E + 0 2  
0 . 103428E+03 
0 .1 4 0 9 0 7 E + 0 3  
0 . 138836E+03 
0 . 139644E+03 
0 . 1 19188E+03 
0 . 1 17267E+03 
0 . 1 18046E+03 
0 . 105306E+03 
0 .1 0 4 8 8 1 E+03 
0 .1 2 6 8 5 7E+03 
0 . 126404E+03 
0 .8 1 9 4 1 1E+02 
0 . 103428E+03 
0 . 1 13422E+03 
0 .6 1 3 3 4 0 E + 0 2  
0 .8 2 8 0 0 7 E + 0 2  
0 .9 2 4 9 3 5 E + 0 2  
0 . 1 13422E+03
0 .9 0 5 0 5 3 E -0 1  
0 .3 5 0 9 0 9 E -0 3  
-0 .8 5 9 9 6 2 E -0 3  
- 0 . 197086E -02  
- 0 . 1 16558E+02 
-0 .9 0 8 4 4 2 E -0 1  
-0 .4 0 3 8 2 8 E -0 1  
0 .9 3 1 5 8 6 E -0 1  
-0 .7 0 0 6 5 6 E + 0 0  
0 . 151823E+01 
0 .5 8 4 3 5 9 E + 0 0  
0 .7 0 0 7 4 9 E -0 2  
0 . 1 14778E+00 
A r r i v a l  
- 0 . 143924E+00 
A r r i  v a l  
0 .3 4 9 2 5 3 E -0 1  
A r r i v a l  
0 .7 8 6 5 8 7 E -0 3  
A r r i v a l  
-0 .5 8 4 3 5 9 E + 0 0  
-0 .7 0 0 7 4 9 E -0 2  
-0 .3 2 9 1 9 3 E -0 2  
- 0 . 1 18148E+01 
-0 .4 0 6 1 4 9 E -0 1  
0 .1 2 3 4 8 1 E+01 
- 0 . 1 10584E+02 
- 0 . 169987E+01 
-0 .2 3 0 1 8 5 E + 0 2  
- 0 . 143924E+00
- 0 . 151823E+01 
-0 .2 0 4 0 6 1 E -0 1  
-0 .9 3 1 5 0 5 E -0 2  
0 .9 3 1 5 8 6 E -0 1  
0 .8 1 0 6 5 1 E -0 3  
0 .3 9 5 7 6 4 E -0 3  
0 .9 3 1 5 0 5 E -0 2
0 . 192282E-01 
-0 .5 8 9 6 4 2 E -0 2  
0 .1 4 4 4 2 8 E -0 1  
0 .3 3 0 8 3 9 E -0 1  
- 0 . 123932E+01 
0 .299424E + 01 
0 . 126664E+01 
0 . 1 04149E -01 
0 . 178332E+02 
0 .2 0 9 8 5 3 E + 0 0  
0 .7 6 4 0 0 1 E -0 1  
- 0 .1 8 8 3 3 1 E+00 
- 0 .2 0 1 8 1 0E+01
-0 .7 6 4 0 0 2 E -0 1  
0 .1 8 8 3 3 1 E+00 
0 .8 3 7 8 6 9 E -0 1  
0 . 135259E+02 
0 .4 6 4 9 6 7E+00 
- 0 . 141363E+02 
-0 .3 4 9 0 2 6 E + 0 1  
-0 .5 3 6 5 1 1 E+00 
-0 .7 2 6 5 0 9 E + 0 1  
-0 .2 9 1 0 8 8 E -0 1
-0 .2 0 9 8 5 3 E + 0 0  
0 .5 1 9 3 8 0 E + 0 0  
0 .2 2 5 2 8 1 E+00 
0 . 104149E -01 
-0 .2 5 4 2 6 6 E -0 1  
- 0 . 1 18098E-01 
- 0 .2 2 5 2 8 1 E+00
to o  c l o s e  t o  r e f l e c t .
-0 .2 9 1 0 8 8 E -0 1  
to o  c l o s e  t o  r e f l e c t .
0 .6 3 9 3 6 4 E -0 2  
to o  c l o s e  t o  r e f l e c t .
- 0 . 1 52082E -01 
to o  c l o s e  t o  r e f l e c t .
A r r i v a l  to o  c l o s e  t o  r e f l e c t .  
-0 .4 1 7 9 5 5 E -0 2  0 .7 3 4 8 7 7 E -0 1
























































T 3 8 2 2 130
APPENDIX B
Noise sp read , SV source
SUMMARY OF ARRIVAL TIMES AND AMPLITUDES FOR EACH RAY NAME
POSITIVE GROUND MOTION I S  UP AND AWAY FROM THE SOURCE.
DIR: DIRECTION TAKEN BY RAY FROM THE SOURCE, 1 MEANS UP AND 
- 1  MEANS DOWN
ND: NUMBER OF DYNAMIC ANALOGS (SEE ENGELKEMEIR ( T - 2 1 7 5 ) )
THE SOURCE DEPTH I S  0 . 1 5 0  AND THE SOURCE I S  IN LAYER # 1
RECEIVER # 1 IN LAYER # 1 ,  RECEIVER POSI :  R= 3 . 0 0 0 0  HR= 0 . 0 0 0 0
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 . 3 0 0 3 7 5 E + 0 2 0 . 1 6 6 0 4 4 E —01  0 . 4 1 5 1 2  4 E - 0 4 1 1 S I
2 0 . 6 5 7 4 3 8 E + 0 2 - 0 . 1 6 0 2 8 9 E + 0 0  0 . 6 0 9 5 3 3 E + 0 0 - 1 1 S 1 S 1
2 0 . 6 0 2 1 0 6 E + 0 2 - 0 . 2 8 0 4 8 8 E - 0 2  0 . 1 0 6 6 6 2 E - 0 1 - 1 1 S 1 H 1 S 1
2 0 . 6 3 1 7 7 3 E + 0 2 - 0 . 1 8 3 4 7 4 E - 0 1  0 . 6 9 7 7 0 1 E - 0 1 - 1 1 S 1 H 2 S1
2 0 . 6 4 6 3 2 8 E + 0 2 O n l y  1 s t  a n d  2n d  t r e a t e d . - 1 1 S 1 H 3 S 1
3 0 . 4 0 0 9 1 4 E+02 0 . 5 4 1 1 7 5 E - 0 1  0 . 2 4 1 3 8 6 E + 0 0 - 1 1 S 1 P 1
3 0 . 4 0 0 7 6 5 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 S 1H 2P 1
4 0 . 1 2 2 2 3 9 E + 0 3 0 . 4 6 5 3 9 4 E - 0 1  - 0 . 7 2 6 1 3 3 E + 0 0 - 1 1 S 1 S 1 S 1 S 1
4 0 . 1 2 0 1 0 0 E + 0 3 0 . 1 2 4 7 9 4 E - 0 2  - 0 . 1 9 4 7 1 1 E - 0 1 - 1 1 S 1 H 1 S 1 S 1 S 1
4 0 . 1 2 2 0 5 7 E + 0 3 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 S 1 H 2 S 1 S 1 S 1
4 0 . 1 2 2 1 3 2 E + 0 3 O n l y  1 s t  a n d  2 n d  t r e a t e d . - 1 1 S 1 H 3 S 1 S 1 S 1
5 0 . 9 9 3 0 1 1 E + 0 2 - 0 . 2 3 3 0 6 2 E - 0 1  - 0 . 9 3 1 4 9 0 E - 0 1 - 1 1 S 1 S 1 S 1 P 1
5 0 . 9 8 5 3 1 9 E + 0 2 - 0 . 2 7 9 6 4 6 E - 0 2  - 0 . 1 1 1 7 6 7 E - 0 1 - 1 1 S 1 H 1 S 1 S 1 P 1
5 0 . 9 8 9 5 6 5 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 S 1 H 2 S 1 S 1 P 1
6 0 . 7 7 2 6 9 9 E + 0 2 - 0 . 1 5 4 3 6 8 E - 0 2  - 0 . 5 7 8 0 1 3 E - 0 2 - 1 1 S 1 S 1 P 1 P 1
6 0 . 7 6 9 6 3 4 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H I S I S 1 P 1 P 1
6 0 . 7 5 8 5 5 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 S 1 P 1 P 1
7 0 . 9 9 3 0 1 1 E + 0 2 - 0 . 2 0 1 6 3 2 E - 0 2  0 . 9 7 3 0 2 0 E - 0 1 - 1 1 S 1 S 1 P 1 S 1
7 0 . 9 8 5 3 1 9 E + 0 2 - 0 . 2 6 1 4 5 6 E —03 0 . 1 2 6 1 7 2 E - 0 1 - 1 1 S 1 H 1 S 1 P 1 S 1
7 0 . 9 8 9 5 6 5 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 S 1 H 2 S 1 P 1 S 1
8 0 . 5 5 4 9 7 1E +02 0 . 5 0 0 5 0 0 E - 0 2  0 . 1 8 2 5 8 5 E - 0 1 - 1 1 S 1 P 1 P 1 P 1
8 0 . 5 5 3 9 4 9 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 P 1 P 1
8 0 . 5 2 7 5 4 8 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 P 1 P 1
9 0 . 7 7 2 6 9 9 E + 0 2 0 . 8 5 2 6 3 7E —03 - 0 . 7 5 9 6 3 7 E - 0 1 - 1 1 S 1 P 1 P 1 S 1
9 0 . 7 6 9 6 3 4 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 P 1 S 1
9 0 . 7 5 8 5 5 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 P 1 S 1
10 0 . 9 9 3 0 1 1 E + 0 2 - 0 . 2 0 1 6 3 2 E - 0 2  0 . 9 7 3 0 2 0 E - 0 1 - 1 1 S 1 P 1 S 1 S 1
10 0 . 9 8 5 3 1 9 E + 0 2 - 0 . 3 1 6 4 9 3 E - 0 4  0 . 1 5 2 7 3 1 E - 0 2 - 1 1 S 1 H 1 P 1 S 1 S 1
10 0 . 9 8 9 5 6 5 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 S 1 H 2 P 1 S I S 1
11 0 . 7 7 2 6 9 9 E + 0 2 0 . 9 3 2 6 2 1 E - 0 3  0 . 3 4 9 2 0 9 E - 0 2 - 1 1 S 1 P 1 S 1 P 1
11 0 . 7 6 9 6 3 4 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 S 1 P 1
11 0 . 7 5 8 5 5 7 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 S 1 P 1
12 0 . 8 5 9 9 0 1 E + 0 2 - 0 . 2 5 6 1 1 4 E - 0 4  0 . 1 8 2 2 5 1 E - 0 1 - 1 1 S 1 S 2 S 2 S 1
13 0 . 6 4  5 1 3  0 E+ 02 0 . 4 7 5 2 1 1 E - 0 4  0 . 1 6 7 4 3 8 E - 0 3 - 1 1 S 1 S 2 S 2 P 1
14 0 . 5 5 0 4 3 4 E+02 0 . 2 5 0 1 0 4 E - 0 4  0 . 8 7 6 8 9 2 E - 0 4 - 1 1 S 1 S 2 P 2 P 1
15 0 . 7  6 4 8 4 1E +02 0 . 7 8 0 9 8 6 E - 0 7  - 0 . 2 3 2 1 7 8 E - 0 3 - 1 1 S 1 S 2 P 2 S 1
16 0 . 4 5 7 3 8 7 E + 0 2 - 0 . 2 1 3 2 5 9 E - 0 5  - 0 . 7 4 7 0 1 6 E - 0 5 - 1 1 S 1 P 2 P 2 P 1
17 0 . 6 7 1 7 2 9 E + 0 2 - 0 . 2 9 2 8 6 3 E - 0 8  0 . 1 9 0 3 2 8 E - 0 4 - 1 1 S 1 P 2 P 2 S 1






























































5 5 0 4  3 4 E + 0 2  
1 8 1 0 0 3 E + 0 3  
1 7 9 9 9 0 E + 0 3  
1 8 0 9 3 7 E + 0 3  
1 7 9 6 3 1 E + 0 3  
1 5 8 8 1 2 E + 0 3  
1 5 8 4 2 2 E + 0 3  
1 5 7 8 3 7 E + 0 3  
13 6 9 9 0 E + 0 3
0 . 1 3 6 8 5 3 E + 0 3
1 3 4 7 3 6 E + 0 3  
1 5 8 8 1 1 E + 0 3  
1 5 8 4 2 2 E + 0 3  
1 5 7 8 3 7 E + 0 3  
1 1 5 3  1 5 E + 0 0  
1 1 5 2 8 5 E + 0 3  
1 1 1 6 3 5 E + 0 3  
1 3 6 9 9 0 E + 0 3  
1 3 6 8 5 3 E + 0 3  
1 3 4 7 3 6 E + 0 3  
1 5 8 8 1 1 E + 0 3  
1 5 8 4 2 2 E + 0 3  
1 5 7 8 3 7 E + 0 3  
13 6 9 9 0 E + 0 3  
13 6 8 5 3 E + 0 3  
1 3 4 7 3 6 E + 0 3  
9 3 7 1 6 3 E + 0 2  
9 3 7 1 6 1 E + 0 2  
8 8 5 3 4 1 E + 0 2  
1 1 5 3 1 5 E + 0 3  
1 1 5 2 8 5 E + 0 3  
1 1 1 6 3  5E +03  
1 3 6 9 9 0 E + 0 3  
1 3 6 8 5 3 E + 0 3  
13 47  3 6E +03  
1 1 5 3 15 E + 0 3  
0 . 1 1 5 2 8 5 E + 0 3  
0 . 1 1 1 6 3 5 E + 0 3  
1 5 8 8 1 1 E + 0 3  
1 5 8 4 2 2 E + 0 3  
1 5 7 8 3 7 E + 0 3  
13 6 9 9 0 E + 0 3  
1 3 6 8 5 3 E+03  
1 3 4 7 3 6 E + 0 3  
1 1 5 3 1 5 E + 0 3  
1 1 5 2 8 5 E + 0 3  
1 1 1 6 3 5 E + 0 3  
7 2 1 6 3 3 E + 0 2  
9 3 7 1 6 3 E + 0 2  
9 3 7 1 6 1 E + 0 2  
8 8 5 3 4 1 E + 0 2  
1 1 5 3 1 5E +0 3  
1 1 5 2 8 5 E + 0 3  
0 . 1 1 1 6 3 5 E + 0 3  
0 . 9 3 7 1 6 3 E + 0 2  
9 3 7 1 6 1 E + 0 2  
8 8 5 3 4 1 E + 0 2  
1 3 6 9 9 0 E + 0 3  
1 3 6 8 5 3 E + 0 3  
1 3 4 7 3 6 E + 0 3
0 . 1 5 8 6 4 2 E - 0 6  0 . 5 5 6 2 1 6 E - 0 6
- 0 . 5 1 1 7 7 8 E - 0 2  0 . 1 8 1 1 8 4 E + 0 0
- 0 . 5 3 7 0 2 1 E - 0 3  0 . 1 9 0 1 2 0 E - 0 1
O f f s e t  i s  s u b c r i t i c a l .
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 6 1 6 2 6 2 E - 0 2  0 . 2 3 3 5 7 5 E - 0 1
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
0 . 1 2 2 1 8 1 E - 0 2  0 . 4 4 7 8 8 1 E - 0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
0 . 3 3 1 6 5 7 E —03  - 0 . 2 5 3 3 6 8 E - 0 1
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 7 7 4 0 3 4 E—03  - 0 . 2 7 9 3 1 7 E - 0 2  
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
0 . 1 8 8 4 5 6 E - 0 3  - 0 . 2 3 9 9 0 9 E - 0 1
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
0 . 3  3 1 6 5 7 E —03  - 0 . 2 5 3 3 6 8 E - 0 1  
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
0 . 2 0 9 0 9 0 E —03 0 . 7 6 6 4 6 5 E - 0 3
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 0 3 9 7 7 E - 0 2  - 0 . 3 7 1 9 1 8 E - 0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 6 4 9 8 2 E - 0 4  0 . 3 1 3 1 0 2 E - 0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
0 . 3  9 0 3 4  6 E - 0 4  - 0 . 4 9 6 9 2 I E - 0 2  
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 8 4 9 3 7 E - 0 4  - 0 . 6 6 7 3 6 2 E - 0 4
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
0 . 3 3 1 6 5 7 E - 0 3  - 0 . 2 5 3 3 6 8 E - 0 1
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
0 . 2  0 9 0 9 0E —03 0 . 7 6 6 4 6 5 E - 0 3
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 8 4 9 3 7 E - 0 4  - 0 . 6 6 7 3 6 2 E - 0 4
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
0 . 3 8 6 4 0 4 E—03  0 . 1 3 7 4 6 1 E - 0 2
- 0 . 1 0 8 0 7 2 E - 0 5  0 . 2 8 5 6 7 9 E - 0 3
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 6 4 9 8 2 E - 0 4  0 . 3 1 3 1 0 2 E - 0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
- 0 . 1 2 1 8 3 3 E - 0 5  - 0 . 4 3 5 7 8 9 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
0 . 1 8 8 4 5 6 E - 0 3  - 0 . 2 3 9 9 0 9 E - 0 1
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
O f f s e t  i s  s u b c r i t i c a l .
1 S 1 P 2 S 2 P 1  
1 S 1 S 1 S 1 S 1 S 1 S 1  
1 S 1 H 1 S 1 S 1 S 1 S 1 S 1  
1 S1H2S IS  I S  IS  IS  1 
1 S1H3S I S  I S  IS  IS  1 
1 S 1 S 1 S 1 S 1 S 1 P 1  
1 H I S I S I S I S I S 1 PI  
1 H 2 S I S I S I S I S I P 1 
1 S 1 S 1 S 1 S 1 P 1 P 1  
1 H I S I S I S I S 1 P 1 P I  
1 H 2 S 1 S 1 S 1 S 1 P 1 P 1  
1 S 1 S 1 S 1 S 1 P 1 S 1  
1 H I S I S I S I S I P I S 1 
1 H 2 S 1 S 1 S 1 S 1 P 1 S 1  
1 S 1 S 1 S 1 P 1 P 1 P 1  
1 H 1 S 1 S 1 S 1 P 1 P 1 P 1  
1 H 2 S 1 S 1 S 1 P 1 P 1 P 1  
1 S 1 S 1 S 1 P 1 P 1 S 1  
1 H I S I S I S I P 1 P IS  1 
1 H 2 S 1 S 1 S 1 P 1 P 1 S 1  
1 S 1 S 1 S 1 P 1 S 1 S 1  
1 H I S I S I S I P I S I S 1 
1 H 2 S 1 S 1 S 1 P 1 S 1 S 1  
1 S 1 S 1 S 1 P 1 S 1 P 1  
1 H I S I S I S I P I S 1 P I  
1 H 2 S I S I S I P I S 1 P I  
1 S 1 S 1 P 1 P 1 P 1 P 1  
1 H I S I S 1 P 1 P 1 P 1 P 1  
1 H 2 S 1 S 1 P 1 P 1 P 1 P 1  
1 S 1 S 1 P 1 P 1 P 1 S 1  
1 H I S I S 1 P I P I P I S 1 
1 H 2 S 1 S 1 P 1 P 1 P 1 S 1  
1 S 1 S 1 P 1 P 1 S 1 S 1  
1 H 1 S 1 S 1 P 1 P 1 S 1 S 1  
1 H 2 S 1 S 1 P 1 P 1 S 1 S 1  
1 S 1 S 1 P 1 P 1 S 1 P 1  
1 H I S 1 S 1 P 1 P 1 S 1 P 1  
1 H 2 S I S 1 P 1 P 1 S 1 P 1  
1 S 1 S 1 P 1 S 1 S 1 S 1  
1 H 1 S 1 S 1 P 1 S 1 S 1 S 1  
1 H 2 S 1 S 1 P 1 S 1 S 1 S 1  
1 S 1 S 1 P 1 S 1 S 1 P 1  
1 H I S I S 1 P I S I S 1 P I  
1 H 2 S 1 S 1 P 1 S 1 S 1 P 1  
1 S 1 S 1 P 1 S 1 P 1 P 1  
1 H I S I S 1 P 1 S 1 P 1 P 1  
1 H 2 S 1 S 1 P 1 S 1 P 1 P 1  
1 S 1 P 1 P 1 P 1 P 1 P 1  
1 S 1 P 1 P 1 P 1 P 1 S 1  
1 H I S I P 1 P I P 1 P I S 1 
1 H 2 S 1 P 1 P 1 P 1 P 1 S 1  
1 S 1 P 1 P 1 P 1 S 1 S 1  
1 H 1 S 1 P 1 P 1 P 1 S I S 1 
1 H 2 S 1 P 1 P 1 P 1 S 1 S 1  
1 S 1 P 1 P 1 P 1 S 1 P 1  
1 H 1 S 1 P 1 P 1 P 1 S 1 P 1  
1 H 2 S 1 P 1 P 1 P 1 S 1 P 1  
1 S 1 P 1 P 1 S 1 S 1 S 1  
1 H 1 S 1 P 1 P 1 S 1 S 1 S 1  
1 H 2 S 1 P 1 P 1 S 1 S 1 S 1
T 3 8 2 2 1 3 2
40 0 . 1 1 5 3 1 5 E + 0 3 - 0 . 3 9 8 6 9 5 E - 0 4 - 0 . 1 4 3 8 7 3 E - 0 3 - 1 1 S 1 P 1 P 1 S 1 S 1 P 1
40 0 . 1 1 5 2 8 5 E + 0 3 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 P 1 S 1 S 1 P 1
40 0 . 1 1 1 6 3 5 E + 0 3 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 P 1 S 1 S 1 P 1
41 0 . 9 3 7 1 6 3 E + 0 2 - 0 . 1 2 1 8 3 3 E - 0 5 - 0 . 4 3 5 7 8 8 E - 0 5 - 1 1 S 1 P 1 P 1 S 1 P 1 P 1
41 0 . 9 3 7 1 6 1 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 P 1 S 1 P 1 P 1
41 0 . 8 8 5 3 4 1 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 P 1 S 1 P 1 P 1
42 0 . 1 5 8 8 1 1 E + 0 3 0 . 3 3 1 6 5 7 E - 0 3 - 0 . 2 5 3 3 6 8 E - 0 1 - 1 1 S 1 P 1 S 1 S 1 S 1 S 1
42 0 . 1 5 8 4 2 2 E + 0 3 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 S 1 S 1 S 1 S 1
42 0 . 1 5 7 8 3 7 E + 0 J O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 S 1 S 1 S 1 S 1
43 0 . 1 3 6 9 9 0 E + 0 3 0 . 2 0 9 0 9 0 E - 0 3 0 . 7 6 6 4 6 5 E - 0 3 1 S 1 P 1 S 1 S 1 S 1 P 1
43 0 . 1 3 6 8 5 3 E + 0 3 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 S 1 S 1 S 1 P 1
43 0 . 1 3 4 7 3 6 E + 0 3 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 S 1 S 1 S 1 P 1
44 0 . 1 1 5 3 1 5 E + 0 3 - 0 . 1 8 4 9 3 7 E - 0 4 - 0 . 6 6 7 3 6 2 E - 0 4 - 1 1 S 1 P 1 S 1 S 1 P 1 P 1
44 0 . 1 1 5 2 8 5 E + 0 3 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H 1 S 1 P 1 S I S 1 P 1 P 1
44 0 . 1 1 1 6 3 5 E + 0 3 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 S 1 S 1 P 1 P 1
45 0 . 9 3 7 1 6 3 E + 0 2 - 0 . 1 2 1 8 3 3 E - 0 5 - 0 . 4 3 5 7 8 9 E - 0 5 - 1 1 S 1 P 1 S 1 P 1 P 1 P 1
45 0 . 9 3 7 1 6 1 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . - 1 1 H I S I P I S 1 P I P I P 1
45 0 . 8 8 5 3 4 1 E + 0 2 O f f s e t  i s  s u b c r i t i c a l . - 1 1 H 2 S 1 P 1 S 1 P 1 P 1 P 1
46 0 . 1 1 2 6 4 3 E + 0 3 0 . 6 6 3 4 0 1 E - 0 6 - 0 . 1 7 0 7 3 5 E - 0 2 - 1 1 S 1 S 2 S 2 S 2 S 2 S 1
47 0 . 9 1 2 0 0 1 E + 0 2 - 0 . 1 4 4 9 7 8 E - 0 5 - 0 . 5 0 8 4 3 4 E - 0 5 - 1 1 S 1 S 2 S 2 S 2 S 2 P 1
48 0 . 8 1 8 8 6 4 E + 0 2 - 0 . 1 4 0 6 8 3 E - 0 5 - 0 . 4 9 2 8 2 0 E - 0 5 - 1 1 S 1 S 2 S 2 S 2 P 2 P 1
49 0 . 1 0 3 3 2 1 E + 0 3 - 0 . 2  0 7 7  5 8 E - 0 8 0 . 1 2 5 8 2 5 E - 0 4 - 1 1 S 1 S 2 S 2 S 2  P 2S1
50 0 . 7 2 6 2 0 6 E + 0 2 - 0 . 4 0 4 6 6 6 E - 0 6 - 0 . 1 4 1 7 0 3 E - 0 5 - 1 1 S 1 S 2 S 2 P 2 P 2 P 1
51 0 . 9 4 0 5 2 5 E + 0 2 - 0 . 3 2 5 6 6 3 E - 0 9 0 . 3 5 3 8 2 7 E - 0 5 - 1 1 S 1 S 2 S 2 P 2 P 2 S 1
52 0 . 1 0 3  3 2 1E+03 - 0 . 5 3 6 1 2 4 E - 0 8 0 .  3 2 4 6 9 4 E - 0 4 - 1 1 S 1 S 2 S 2 P 2 S 2 S 1
53 0 . 8 1 8 8 6 4 E + 0 2 0 . 1 1 6 2  3 7 E - 0 7 0 . 4 0 7 1 8 6 E - 0 7 - 1 1 S 1 S 2 S 2 P 2 S 2 P 1
54 0 . 6 3 3 7 3 4 E + 0 2 —0 . 2 4 2 3 5 0 E —06 - 0 . 8 4 8 4 9 6 E - 0 6 - 1 1 S 1 S 2 P 2 P 2 P 2 P 1
55 0 . 8 4 8 0 4 2 E + 0 2 - 0 . 1 2 2 6 7 7 E - 0 9 0 . 2 0 9 0 0 1 E - 0 5 - 1 1 S 1 S 2 P 2 P 2 P 2 S 1
56 0 . 9 4 0 5 2 5 E + 0 2 - 0 . 1 4 7 0 7 0 E - 0 8 0 . 1 5 9 7 8 9 E - 0 4 - 1 1 S 1 S 2 P 2 P 2 S 2 S 1
57 0 . 7 2 6 2 0 6 E + 0 2 0 . 3 3 2 0 2 3 E - 0 8 0 . 1 1 6 2 6 6 E - 0 7 - 1 1 S 1 S 2 P 2 P 2 S 2 P 1
58 0 . 1 0 3 3 2 1 E + 0 3 - 0 . 5 3 6 1 2 4 E - 0 8 0 . 3 2 4 6 9 4 E - 0 4 - 1 1 S 1 S 2 P 2 S 2 S 2 S 1
59 0 . 8 1 8 8 6 4 E+02 0 . 1 1 6 2 3 7 E - 0 7 0 . 4 0 7 1 8 6 E - 0 7 - 1 1 S 1 S 2 P 2 S 2 S 2 P 1
60 0 . 7 2 6 2 0 6 E + 0 2 0 . 8 6 4 0 7 4 E - 0 8 0 . 3 0 2 5 7 5 E - 0 7 - 1 1 S 1 S 2 P 2 S 2 P 2 P 1
61 0 . 5 4 1 3 5 5 E + 0 2 0 . 3  6 0 0 7 I E - 0 7 0 . 1 2 6 0 5 3 E - 0 6 - 1 1 S 1 P 2 P 2 P 2 P 2 P 1
62 0 . 7 5 5 6 5 6 E + 0 2 0 . 1 2 5 0 7 6 E - 1 0 - 0 . 3 0 7 5 4 4 E - 0 6 - 1 1 S 1 P 2 P 2 P 2 P 2 S 1
63 0 . 8 4 8 0 4 1 E + 0 2 0 . 1 2 2 6 7 8 E - 0 9 - 0 . 2 0 9 0 0 1 E - 0 5 - 1 1 S 1 P 2 P 2 P 2 S 2 S 1
64 0 . 6 3 3 7 3 4 E + 0 2 - 0 . 2 8 3 6 7 3 E - 0 9 - 0 . 9 9 3 1 7 3 E - 0 9 - 1 1 S 1 P 2 P 2 P 2 S 2 P 1
65 0 . 9 4 0 5 2  5E +0 2 0 . 3 2 5 6 6 3 E - 0 9 - 0 . 3 5 3 8 2  7 E - 0 5 - 1 1 S1 P 2  P 2 S 2 S 2 S 1
66 0 . 7 2 6 2 0 6 E + 0 2 - 0 . 7 3 5 3 0 8 E - 0 9 - 0 . 2 5 7 4 8 5 E - 0 8 - 1 1 S 1 P 2 P 2 S 2 S 2 P 1
67 0 . 6 3 3 7 3 4 E + 0 2 - 0 . 7 3 7 7 8 5 E - 0 9 - 0 . 2 5 8 3 0 7 E - 0 8 - 1 1 S 1P 2  P 2 S 2 P 2  PI
68 0 . 1 0 3 3 2 1 E + 0 3 0 . 2 0 7 7 5 8 E - 0 8 - 0 . 1 2 5 8 2 5 E - 0 4 - 1 1 S 1 P 2 S 2 S 2 S 2 S 1
69 0 . 8 1 8 8 6 4 E+02 - 0 . 4 5 0 5 8 4 E - 0 8 - 0 . 1 5 7 8 4 2 E - 0 7 - 1 1 S 1 P 2 S 2 S 2 S 2 P 1
70 0 . 7 2 6 2 0 6 E + 0 2 - 0 . 3 3 5 6 7 5 E - 0 8 - 0 . 1 1 7 5 4 4 E - 0 7 - 1 1 S 1 P 2 S 2 S 2 P 2 P 1
71 0 . 6 3 3 7 3 4 E + 0 2 - 0 . 7 3 7 7 8 5 E - 0 9 - 0 . 2 5 8 3 0 7 E - 0 8 - 1 1 S 1 P 2 S 2 P 2 P 2 P 1
72 0 . 1 4 5 9 5 1 E + 0 3 0 . 3 0 9 3 9 6 E - 0 4 - 0 . 2 5 3 3  3 9 E - 0 1 - 1 2 S 1 S 2 S 2 S 1 S 1 S 1
73 0 . 1 2 4 4 8 0 E + 0 3 - 0 . 1 6 4 0 7 7 E - 0 4 - 0 . 5 7 7 6 4  3 E - 0 4 - 1 1 S 1 S 2 S 2 S 1 S 1 P 1
74 0 . 1 0 3 0 1 5 E + 0 3 - 0 . 1 2 0 5 7 5 E - 0 4 - 0 . 42  4 1 3 7 E —04 - 1 1 S 1 S 2 S 2 S 1 P 1 P 1
75 0 . 1 2 4 4 8 0 E + 0 3 - 0 . 6 8 1 1 7 5 E - 0 7 0 .  6 5 7 7 6 2 E - 0 4 - 1 1 S 1 S 2 S 2 S 1 P 1 S 1
76 0 . 8 1 5 5 5 5 E + 0 2 0 . 2 0 8 6 7 7 E - 0 4 0 . 7 3 3 5 5 7 E - 0 4 - 1 1 S 1 S 2 S 2 P 1 P 1 P 1
77 0 . 1 0 3 0 1 5 E + 0 3 0 . 1 0 1 1 4 5 E - 0 6 - 0 . 1 1 3 7 8 7 E - 0 3 - 1 1 S 1 S 2 S 2 P 1 P 1 S 1
78 0 . 1 2 4 4 8 0 E + 0 3 - 0 . 1 2 2 2 2 8 E - 0 6 0 . 1 1 8 0 2 7 E - 0 3 - 1 1 S 1 S 2 S 2 P 1 S 1 S 1
79 0 . 1 0 3 0 1 5 E + 0 3 0 . 1 1 5 2 3 3 E - 0 6 0 .  4 0 5 3 4 8 E - 0 6 - 1 1 S 1 S 2 S 2 P 1 S 1 P 1
80 0 . 7 2 1 5 7 1 E + 0 2 0 . 1 3 0 5 8 2 E - 0 4 0 . 4 5 7 6 7 5 E - 0 4 - 1 1 S 1 S 2 P 2 P 1 P 1 P 1
81 0 . 9 3 5 9 5 4 E + 0 2 0 . 1 9 1 3 5 9 E - 0 7 - 0 . 7 1 4 8 3 5E—04 - 1 1 S 1 S 2 P 2 P 1 P 1 S 1
82 0 . 1 1 5 0 3 4 E + 0 3 - 0 . 1 9 2 8 1 1 E - 0 7 0 . 6 6 5 4 8 4 E - 0 4 - 1 1 S 1 S 2 P 2 P 1 S 1 S 1
83 0 . 9 3 5 9 5 4 E + 0 2 0 . 2 1 8 4 9 2 E - 0 7 O'. 7 6 5 8 7 6 E - 0 7 - 1 1 S 1 S 2 P 2 P 1 S 1 P 1
84 0 . 1 3 6 4 7 4 E + 0 3 - 0 . 4 8 3 5 3 9 E - 0 7 0 . 1 5 3 7 5 4 E - 0 3 - 1 1 S 1 S 2 P 2 S 1 S 1 S 1
85 0 . 1 1 5 0 3 4 E + 0 3 0 . 5 4 3 3 2 4 E - 0 7 0 . 1 9 0 4 7 4 E - 0 6 - 1 1 S 1 S 2 P 2 S 1 S 1 P 1
8 6 0 . 9 3 5 9 5 4 E + 0 2 0 . 3 6 6 4 5 0 E - 0 7 0 . 1 2 8 4 5 1 E - 0 6 - 1 1 S 1 S 2 P 2 S 1 P 1 P 1
87 0 . 6 2 8 6 7 4 E + 0 2 - 0 . 1 2 0 6 4 3 E - 0 5 - 0  . 4 2 2 5 4  5 E - 0 5 - 1 1 S 1 P 2 P 2 P 1 P 1 P 1
T 3 8 2 2 1 3 3
88 0 . 8 4 3 0 0 8 E + 0 2 - 0 . 8 5 2 0 2 1 E - 0 9 0 . 6 5 0 3 8 8 E - 0 5 - 1 1 S 1 P 2 P 2 P 1 P 1 S 1
89 0 . 1 0 5 7 3 4 E + 0 3 0 . 8 0 8 3 0 4 E - 0 9 - 0 . 5 8 3 3 1 7 E - 0 5 - 1 1 S 1 P 2 P 2 P 1 S 1 S 1
90 0 . 8 4 3 0 0 8 E + 0 2 - 0 . 9 7 3 2 9 4 E - 0 9 - 0 . 3 4 Q 9 0 4 E - 0 8 - 1 1 S 1 P 2 P 2 P 1 S 1 P 1
91 0 . 1 2 7 1 6 8 E + 0 3 0 . 1 9 0 5 8 9 E - 0 8 - 0 . 1 2 9 8 3 9 E - 0 4 - 1 1 S 1 P 2 P 2 S 1 S 1 S 1
92 0 . 1 0 5 7 3 4 E + 0 3 - 0 . 2 2 8 5 3  6 E - 0 8 - 0 . 8 0 0 5 0 I E - 0 8 - 1 1 S 1 P 2 P 2 S 1 S 1 P 1
93 0 . 8 4 3 0 0 8 E + 0 2 —0 . 1 6 0 1 2 0E—08 - 0 . 5 6 0 8 3 3 E - 0 8 - 1 1 S 1 P 2 P 2 S 1 P 1 P 1
94 0 . 1 3 6 4 7 4 E + 0 3 0 . 4 8 3 5 3 9 E - 0 7 - 0 . 1 5 3 7 5 4 E - 0 3 - 1 1 S 1 P 2 S 2 S I S I S 1
95 0 . 1 1 5 0 3 4 E + 0 3 - 0 . 5 4 3 3 2 4 E - 0 7 - 0 . 1 9 0 4 7 4 E - 0 6 - 1 1 S 1 P 2 S 2 S 1 S 1 P 1
96 0 . 9 3 5 9 5 4 E + 0 2 - 0 . 3 6 6 4 5 0 E - 0 7 - 0 . 1 2 8 4 5 1 E - 0 6 - 1 1 S 1 P 2 S 2 S 1 P 1 P 1
97 0 . 7 2 1 5 7 1 E + 0 2 0 . 6 6 5 8 7 6 E - 0 7 0 . 2 3 3 3 8 2 E - 0 6 - 1 1 S 1 P 2 S 2 P 1 P 1 P 1
98 0 . 1 4 2 6 9 1 E + 0 3 0 . 9 1 3 6 3 8 E - 0 6 - 0 . 1 3 1 0 0 3 E - 0 1 - 1 1 S 1 S 2 S 3 S 3 S 2 S 1
99 0 . 1 2 1 2 6 0 E + 0 3 - 0 . 2 1 7 9 4 1 E - 0 5 - 0 . 7 6 3 0 8 0 E - 0 5 - 1 1 S 1 S 2 S 3 S 3 S 2 P 1
1 00 0 . 1 1 2 0 1 9 E + 0 3 - 0 . 5 1 1 4 2 6 E - 0 6 - 0 . 1 7 9 0 4 5 E - 0 5 - 1 1 S 1 S 2 S 3 S 3 P 2 P 1
101 0 . 1 3 3 4 4 9 E + 0 3 —0 . 2  0 4 9 7  OE—09 0 . 4 3 8 5 6 3 E - 0 5 - 1 1 S 1 S 2 S 3 S 3 P 2 S 1
102 0 . 9 3 4 1 0 5 E + 0 2 - 0 . 1 1 2 5 9 4 E - 0 5 - 0 . 3 9 4 1 1 9 E - 0 5 - 1 1 S 1 S 2 S 3 P 3 P 2 P 1
103 0 . 1 1 4 8 4 0 E + 0 3 - 0 . 1 7 4 1 0 2 E - 0 9 0 . 9 4 6 7 7  5 E - 0 5 - 1 1 S 1 S 2 S 3 P 3 P 2 S 1
104 0 . 1 2 4 0 6 7 E + 0 3 - 0 . 1 2 2 9 3 3 E - 0 9 0 . 5 2 6 1 2 8 E - 0 5 - 1 1 S 1 S 2 S 3 P 3 S 2 S 1
10 5 0 . 1 0 2 6 3 8 E + 0 3 0 .  2 9 4 6 4 5 E - 0 9 0 . 1 0 3 1 3 9 E - 0 8 - 1 1 S 1 S 2 S 3 P 3 S 2 P 1
106 0 . 7 4  8 2 20 E + 0 2 0 . 3  7 8 1 7  I E —07 0 . 1 3 2 3 6 7 E - 0 6 - 1 1 S 1 S 2 P 3 P 3 P 2 P 1
107 0 . 9 6 2 5 0 9 E + 0 2 0 . 3 0 8 1 4 9 E - 1 1 - 0 . 3 1 5 2 0 0 E - 0 6 - 1 1 S 1 S 2 P 3 P 3 P 2 S 1
108 0 . 1 0 5 4 7 4 E + 0 3 0 . 1 8 3 6 8 9 E - 1 1 - 0 . 1 5 8 2 4 2 E - 0 6 - 1 1 S 1 S 2 P 3 P 3 S 2 S 1
109 0 . 8 4 0 4 5 2 E + 0 2 - 0 . 4 4 8 3 7 1 E - 1 1 - 0 . 1 5 6 9 4 0 E —10 - 1 1 S 1 S 2 P 3 P 3 S 2 P 1
110 0 . 1 2  4 0 6 7 E + 0 3 0 . 1 2 2 9 3 3 E - 0 9 - 0 . 5 2 6 1 2 8 E - 0 5 - 1 1 S 1 S 2 P 3 S 3 S 2 S 1
11 1 0 . 1 0 2 6 3 8 E + 0 3 - 0  . 2 9 4 6 4 5E—09 - 0 . 1 0 3 1 3 9 E - 0 8 - 1 1 S 1 S 2 P 3 S 3 S 2 P 1
112 0 . 9 3 4 1 0 5 E + 0 2 - 0 . 6 8 7 7 7 9 E - 1 0 - 0 . 2  4 07 4 7 E - 0 9 - 1 1 S 1 S 2 P 3 S 3 P 2 P 1
113 0 . 6 5 5 9 9 3 E + 0 2 0 : 7 7  0 1 2 2 E —07 0 . 2 6 9 5 5 5 E - 0 6 - 1 1 S 1 P 2 P 3 P 3 P 2 P 1
114 0 . 8 7 0 2 8 2 E + 0 2 0 .  5 3 4 7 3 1 E - 1 1 - 0 . 6 4 0 7 1 0 E - 0 6 - 1 1 S 1 P 2 P 3 P 3 P 2 S 1
115 0 . 9 6 2 5 0 9 E + 0 2 0 . 3 0 8 1 4 9 E - 1 1 - 0 . 3 1 5 2 0 0 E - 0 6 - 1 1 S 1 P 2  P3 P 3 S 2 S 1
116 0 . 7 4 8 2 2 0 E + 0 2 - 0 . 7 5 4 8 0 7 E - 1 1 - 0 . 2 6 4 1 9 7 E - 1 0 - 1 1 S 1 P 2 P 3 P 3 S 2 P 1
117 0 . 1 1 4 8 4 0 E + 0 3 0 . 1 7 4 1 0 2 E - 0 9 - 0 . 9 4  6 7 7  5 E - 0 5 - 1 1 S 1 P 2 P 3 S 3 S 2 S 1
118 0 . 9 3 4 1 0 5 E + 0 2 - 0 . 4 2 0 2 0 8 E - 09 - 0 . 1 4 7 0 8 8 E —08 - 1 1 S 1 P 2 P 3 S 3 S 2 P 1
11 9 0 . 8 4 1 8 5 0 E + 0 2 - 0 . 1 0 4 4 1 5 E - 0 9 - 0 . 3 6 5 4 8 3 E - 0 9 - 1 1 S 1 P 2 P 3 S 3 P 2 P 1
120 0 . 1 3 3 4 5 0 E + 0 3 - 0 . 2 0 4 9 7 0 E - 0 9 0 .  4 3 8 5 6 3 E - 0 5 - 1 1 S 1 P 2 S 3 S 3 S 2 S 1
12 1 0 . 1 1 2 0 1 9 E + 0 3 0 . 4 7 8 6 4 4 E - 0 9 0 . 1 6 7 5 6 8 E —08 - 1 1 S 1 P 2 S 3 S 3 S 2 P 1
122 0 . 1 0 2 7 8 5 E + 0 3 0 . 8 9 3 5 0 4 E - 1 0 0 . 3 1 2 7 8 4 E - 0 9 - 1 1 S 1 P 2 S 3 S 3 P 2 P 1
123 0 . 8 4 1 8 5 0 E + 0 2 0 . 1 0 4 4 1 5 E - 0 9 0 . 3 6 5 4 8 3 E - 0 9 - 1 1 S 1 P 2 S 3 P 3 P 2 P 1
RECEIVER # 19  IN  LAYER # 1 ,  RECEIVER POSI :  R= 3 9 . 0 0 0 0  HR= 0 . 0 0 0 0
SPECIES ARRIVAL TIME VERT COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 . 3 9 0 0 0 3 E + 0 3 0 . 9 8 6 1 6 9 E - 0 4 0 . 1 4 6 9 5 1 E - 0 8 1 1 S I
2 0 . 3 9 4 3 6 3 E + 0 3 0 . 4 7 7 1 3 7 E + 0 0 - 0 . 1 0 7 3 5 7 E - 0 1 - 1 1 S 1 S 1
2 0 . 8 2 0 2 8 8 E + 0 2 - 0 . 3 0 1 8 6 1 E - 0 4 0 . 6 7 9 1 9 4 E - 0 6 - 1 1 S 1 H 1 S 1
2 0 . 1 3 2 4 0 8 E + 0 3 - 0 . 1 1 9 5 0 3 E - 0 3 0 . 2 6 8 8 8 5 E - 0 5 - 1 1 S 1 H 2 S 1
2 0 . 1 6 7 4 9 0 E + 0 3 O n l y  1 s t  a n d 2 n d  t r e a t e d . - 1 1 S 1 H 3 S 1
3 0 . 1 3 9 0 7 7 E + 0 3 0 . 2 2 2 9 5 7 E - 0 3 0 . 9 5 4 2 4 5 E - 0 2 - 1 1 S 1 P 1
4 0 . 4 0 7 6 0 5 E + 0 3 - 0 . 4 4 4 7 0 9 E + 0 0 0 . 4 1 0 5 7 0 E - 0 1 - 1 1 S 1 S 1 S 1 S 1
4 0 . 1 4 1 9 1 9 E + 0 3 0 .  2 2 8 7 7 9 E - 0 4 —0 . 2 1 1 2 1 6 E —05 - 1 1 S 1 H 1 S 1 S 1 S 1
4 0 . 1 9 1 2 8 8 E + 0 3 0 . 9 3 6 2 1 1 E - 0 4 —0 . 8 6 4 3 4 I E —0 5 - 1 1 S 1 H 2 S 1 S 1 S 1
4 0 . 2 2 4 9 8 9 E + 0 3 O n l y  1 s t  a n d 2 n d  t r e a t e d . - 1 1 S 1 H 3 S 1 S 1 S 1
5 0 . 1 9 6 5 9 2 E + 0 3 - 0 . 2 4 0 3 2 1 E - 0 3 - 0 . 9 8 0 8 5 9 E - 0 2 - 1 1 S 1 S 1 S 1 P 1
5 0 . 1 2 0 3 5 0 E + 0 3 - 0 . 1 3 1 6 0 7 E - 0 4 - 0 . 5 3 7 1 4 5 E - 0 3 - 1 1 S 1 H 1 S 1 S 1 P 1
5 0 . 1 6 8 1 8 7 E + 0 3 - 0 . 1 3 8 0 1 0 E - 0 4 - 0 . 5 6 3 2 7 9 E - 0 3 - 1 1 S 1 H 2 S 1 S 1 P 1
6 0 . 1 6 8 8 6 1 E + 0 3 - 0 . 2 2 3 3 6 8 E - 0 4 - 0 . 4 7 2 0 1 8 E - 0 3 - 1 1 S 1 S 1 P 1 P 1
6 0 . 9 8 7 8 1 6 E + 0 2 0 . 1 0 9 0 1 5 E - 0 3 0 .  2 3 0 3 6 9 E - 0 2 - 1 1 S 1 H 1 S 1 P 1 P 1






























































0 . 1 9 6 5 9 2 E + 0 3  
0 . 1 2 0 3 5 0 E + 0 3  
0 . 1 6 8 1 8 7 E + 0 3  
0 . 1 4 1 7 3 2 E + 0 3  
0 . 7 7 2 1 3 1E+02  
0 . 1 2 1 9 8 6 E + 0 3  
0 . 1 6 8 8 6 1 E + 0 3  
0 . 9 8 7 8 1 6 E + 0 2  
0 . 1 4 5 0 8 6 E + 0 3  
0 . 1 9 6 5 9 2 E + 0 3  
0 . 1 2 0 3 5 0 E + 0 3  
0 . 1 6 8 1 8 7 E + 0 3  
0 . 1 6 8 8 6 1 E + 0 3  
0 . 9 8 7 8 16E +0 2  
0 . 1 4 5 0 8 6 E + 0 3  
0 . 1 3 7 2 2 3 E + 0 3  
0 . 1 0 3 9 2 4 E + 0 3  
0 . 1 0 7 5 8 0 E + 0 3  
0 . 1 3 1 6 3 8 E + 0 3  
0 . 1 1 4 3 7 2 E + 0 3  
0 . 8 2 4 0 0 7 E + 0 2  
0 • 8  6 0 1 1 5 E + 0 2  
0 . 1 0 9 3 6 9 E + 0 3  
0 . 7 3 6 4 5 8 E + 0 2  
0 . 9 5 2 0 9 2 E + 0 2  
0 . 6 1 9 6 6 1 E + 0 2  
0 . 6 1 1 9 8 6 E + 0 2  
0 . 8 3 5 1 8 0 E + 0 2  
0 . 8 2 7 2 1 9 E + 0 2  
0 . 9 5 2 0 9 2 E + 0 2  
0 . 7 3 6 4 5 8 E + 0 2  
0 . 4 2 8 9 0 8 E + 0 3  
0 . 2 0 1 8 0 8 E + 0 3  
0 . 2  5 0 1 6 8 E + 0 3  
0 . 2 8 2 4 8 8 E + 0 3  
0 . 2  5 4 1 0 9 E + 0 3  
0 . 1 8 0 2 4 0 E + 0 3  
0 . 2 2 7 0 6 7 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 2 5 4 1 0 9 E + 0 3  
0 . 1 8 0 2 4 0 E + 0 3  
0 . 2  2 7 0 6 7 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 2 5 4 1 0 9 E + 0 3  
0 . 1 8 0 2 4 0 E + 0 3  
0 . 2 2 7 0 6 7 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 1 7 2 8 6 9 E + 0 3  
0 . 1 1 5 5 3 4 E + 0 3  
0 . 1 5 7 7 6 5 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3
- 0 . 9 4 0 0 5 4 E - 0 4  0
- 0 . 8 1 9 8 1 5 E - 0 6  0
- 0 . 3 6 0 4 5 5 E - 0 5  0
- 0 . 1 0 1 7 4 0 E - 0 2  - 0
0 . 1 7 9 2 0 1 E - 0 4  0
0 . 2 2 0 7 5 0 E - 0 4  0
0 . 1 6 4 9 8 1 E - 0 3  - 0
- 0 . 2 0 0 4 4 2 E - 0 6  0
- 0 . 9 5 2 1 6 1 E - 0 6  0
- 0 . 9 4 0 0 5 4 E - 0 4  0
- 0 . 6 2 9 4 7 3 E - 0 6  0
- 0 . 2 7 6 7 6 5 E - 0 5  0
0 . 3 4 8 6 7 7 E - 0 4  0
0 . 5 8  5 7 1 0 E - 0 5  0
0 . 6 6 3 5 9 4 E - 0 5  0
0 . 2 3 8 1 7 4 E - 0 4  - 0
- 0 . 4 1 5 8 0 1 E - 0 7  0
- 0 . 8 3 9 9 5 2 E - 0 8  0
O n l y  1 s t  a n d  2 nd  
- 0  . 6 0 9 4 4 4 E —03 - 0  
0 . 7 1 4  0 4 3 E - 0 4  0
0 . 1 1 8 6 2 4 E - 0 4  0
O n l y  1 s t  a n d  2 n d  
0 . 6 5 7 9 1 5 E - 0 5  0
0 . 2 1 8 4 9 4 E - 0 6  - 0
0 . 1 0 3  6 1 1 E - 0 4  0
- 0 . 2 3 4 7 2 8 E - 0 4  - 0
0 .  3 2 2 4 7 6 E - 0 6  - 0
- 0 . 6 0 8 3 4 2 E - 0 6  0
- 0 . 2 1 8 4 9 4 E - 0 6  0
0 . 1 5 5 2  0 8 E - 0 6  0
0 . 2 0 8 7 9 2 E + 0 0  - 0
- 0 . 2 7 9 5 8 0 E - 0 4  0
- 0 . 1 1 8 4 2 9 E - 0 3  0
O n l y  1 s t  a n d  2nd  
- 0 . 2 5 4 6 9 3 E - 0 4  - 0
- 0 . 2 3 7 3 5 6 E - 0 4  - 0
- 0 . 2 5 8 3 9 9 E - 0 4  - 0
0 . 9 2 8 0 1 0 E - 0 4  0
- 0 . 7 9 6 3 7 2 E - 0 4  - 0
—0 . 9 3 9 7 9 8E —04  - 0
- 0 . 9 9 5 9 4 8 E—05  0
0 . 8 2 0 7 1 2 E—0 6  - 0
0 . 3 7  4 6 1 4 E —05  - 0
0 . 2 4 2 8 1 3 E - 0 3  0
- 0 . 3 6 7 2 9 0 E - 0 5  - 0
- 0 . 4 7 3 0 7 2 E - 0 5  - 0
- 0 . 6 8 8 5 8 5 E - 0 3  0
0 . 4 2 7 3 1 4 E—0 7  - 0
0 . 2 1 1 4 3  I E - 0 6  - 0
- 0 . 9 9 5 9 4 8 E - 0 5  0
0 . 8 2 0 7 1 2 E - 0 6  - 0
0 . 3 7 4  6 1 4 E - 0 5  - 0
- 0 . 1 5 2 6 2 0 E - 0 3  - 0
- 0 . 6 8 0 0 3 3 E - 0 5  - 0
- 0 . 8 0 2 5 0 8 E - 0 5  - 0
0 / 1 9 9 2 8 4 E - 0 3  0
- 0 . 4 6 9 3 8 2 E - 0 4  - 0
- 0 . 6 6 5 0 9 4 E - 0 4  - 0
0 . 9 0 8 9 0 6 E - 0 4  - 0
. 1 0 6 5 4 0 E —02  -
. 9 2  9 1 2  5 E - 0 5  -
. 4 0 8 5 1 5 E —04  -
. 1 4 9 0 5 9 E —0 1  -
. 2 6 2 5 4 8 E —03 -
. 3 2 3 4 2 2 E - 0 3  -
. 1 9 0 8 3 8 E - 0 2  -
. 2 3 1 8 5 7 E - 0 5  -
. 1 1 Q 1 4 0 E - 0 4  -
. 1 0 6 5 4 0 E - 0 2  -
. 7 1 3 4 0 3 E - 0 5  -
. 3 13  6 6 7 E - 0 4  -
. 7 3 6 3 1 9 E - 0 3  -
. 1 2  3 7 7 I E - 0 3  
. 1 4 0 2 3 0 E - 0 3  
• 7 0 7 9  5 8 E —03 -
. 12 3 5 9 5 E —05  -
. 2 4 9 6 7 1 E —06  -
t r e a t e d .
. 2  69  5 0 4 E - 0 2  -
. 3 1 5 7 5 8 E —03 -
. 5 2  4 57 0E—04 -
t r e a t e d .
. 2  3 5 0 13 E —04  -
. 6 1 4  6 9 8 E - 0 4  -
. 3 6 9 4 5 4 E —04  -
. 8 3 6 9 8 8 E - 0 4  -
. 9 8 9 8 1 4 E —04  -
. 1 8 6 7 2 6 E —03  -
. 6 1 4 6 9 8 E - 0 4  -
. 5 5 4 4 1 4 E - 0 6  -
. 4 3 7 3 8 8 E - 0 1  -
. 5 8 5 6 7 9 E - 0 5  -
. 2 4 8 0 9 3 E - 0 4  
t r e a t e d .  -
. 9 8 9 0 0 7 E - 0 3  
. 9 2 1 6 8 6 E - 0 3  
. 1 0 0 3 4 0 E - 0 2  -
. 1 8 7 1 1 2 E - 0 2  -
. 1 6 0 5 7  0 E - 0 2  -
. 1 8 9 4 8 8 E - 0 2  -
. 1 1 2 9 6 2 E - 0 3  -
. 9 3  0 8 6 3 E - 0 5  -
. 4 2 4 8 9 2 E - 0 4  -
. 3 4 0 5 6 4 E - 0 2  -
. 5 1 5 1 5 3 E - 0 4  -
. 6 6 3 5 2 I E - 0 4  -
. 7 9 8 7 2 6 E - 0 2  -
. 4 9 5 6 6 4 E - 0 6  -
. 2 4 5 2 5 0 E - 0 5  -
. 1 1 2 9 6 2 E —03  -
. 9 3 0 8 6 3 E - 0 5  -
. 4 2 4 8 9 2 E - 0 4  -
. 3 0 7 7 2 2 E - 0 2  -
. 1 3 7 1 1 3 E - 0 3  -
. 1 6 1 8 0 7 E - 0 3  -
. 2 1 9 4 0 6 E - 0 2  -
. 5 1 6 7 7 7 E - 0 3  -
. 7 3 2 2 5 1 E - 0 3  -
. 1 0 9 0 4 2 E - 0 2  -
1 S 1 S 1 P 1 S 1  
1 S 1 H 1 S 1 P 1 S 1  
1 S 1 H 2 S 1 P 1 S 1  
1 S 1 P 1 P 1 P 1  
1 S 1 H 1 P 1 P 1 P 1  
1 S 1 H 2 P 1 P 1 P 1  
1 S 1 P 1 P 1 S 1  
1 S 1 H 1 P 1 P 1 S 1  
1 S 1 H 2 P 1 P 1 S 1 
1 S 1 P 1 S 1 S 1  
1 S 1 H 1 P 1 S 1 S 1  
1 S 1 H 2 P 1 S 1 S 1  
1 S 1 P 1 S 1 P 1  
1 S 1 H 1 P 1 S 1 P 1  
1 S 1 H 2 P 1 S 1 P 1  
1 S 1 S 2 S 2 S 1  
1 S 1 S 2 H 1 S 2 S 1  
1 S 1 H 2 S 2 S 2 S 1  
1 S 1 H 3 S 2 S 2 S 1  
1 S 1 S 2 S 2 P 1  
1 S 1 S 2 H 1 S 2 P 1  
1 S 1 H 2 S 2 S 2 P 1  
1 S 1 H 3 S 2 S 2 P 1  
1 S 1 S 2 P 2 P 1  
1 S 1 S 2 P 2 S 1  
1 S 1 P 2 P 2 P 1  
1 S 1 P 2 H 1 P 2 P 1  
1 S 1 P 2 P 2 S 1  
1 S 1 P 2 H 1 P 2 S 1  
1 S 1 P 2 S 2 S 1  
1 S 1 P 2 S 2 P 1  
1 S 1 S 1 S 1 S 1 S 1 S 1  
1 S 1 H 1 S 1 S 1 S 1 S 1 S 1  
1 S 1 H 2 S 1 S 1 S 1 S 1 S 1  
1 S 1 H 3 S 1 S 1 S 1 S 1 S 1 
1 S 1 S 1 S 1 S 1 S 1 P 1  
1 S 1 H 1 S 1 S 1 S 1 S 1 P 1  
1 S 1 H 2 S 1 S 1 S 1 S 1 P 1  
1 S 1 S 1 S 1 S 1 P 1 P 1  
1 S 1 H 1 S 1 S 1 S 1 P 1 P 1  
1 S 1 H 2 S 1 S 1 S 1 P 1 P 1  
1 S 1 S 1 S 1 S 1 P 1 S 1  
1 S 1 H 1 S 1 S 1 S 1 P 1 S 1  
1 S 1 H 2 S 1 S 1 S 1 P 1 S 1  
1 S 1 S 1 S 1 P 1 P 1 P 1  
1 S 1 H 1 S 1 S 1 P 1 P 1 P 1  
1 S 1 H 2 S 1 S 1 P 1 P 1 P 1  
1 S 1 S 1 S 1 P 1 P 1 S 1  
1 S 1 H 1 S 1 S 1 P 1 P 1 S 1  
1 S 1 H 2 S 1 S 1 P 1 P 1 S 1  
1 S 1 S 1 S 1 P 1 S 1 S 1  
1 S1H1S1S1P1S1S1 
1 S 1 H 2 S 1 S 1 P 1 S 1 S 1  
1 S 1 S 1 S 1 P 1 S 1 P 1  
1 S 1 H 1 S 1 S 1 P 1 S 1 P 1  
1 S 1 H 2 S 1 S 1 P 1 S 1 P 1  
1 S 1 S 1 P 1 P 1 P 1 P 1  
1 S 1 H 1 S 1 P 1 P 1 P 1 P 1  
1 S 1 H 2 S 1 P 1 P 1 P 1 P 1  






























































0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2  0 3 9 6 7 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 2  5 4 1 0 9 E + 0 3  
0 . 1 8 0 2 4 0 E + 0 3  
0 . 2 2 7 0 6 7 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 1 4 6 8 5 7 E + 0 3  
0 . 9 3 9 6 5 8 E + 0 2  
0 . 1 3 4 6 6 4 E + 0 3  
0 . 1 7 2 8 6 9 E + 0 3  
0 . 1 1 5 5 3 4 E + 0 3  
0 . 1 5 7 7 6 5 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 1 7 2 8 6 9 E + 0 3  
0 . 1 1 5 5 3 4 E + 0 3  
0 . 1 5 7 7 6 5 E + 0 3  
0 . 2 2 6 4 2 8 E+03  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 1 7 2 8 6 9 E + 0 3  
0 . 1 1 5 5 3 4 E + 0 3  
0 . 1 5 7 7 6 5 E + 0 3  
0 . 2 5 4 1 0 9 E + 0 3  
0 . 1 8 0 2 4 0 E + 0 3  
0 . 2 2 7 0 6 7 E + 0 3  
0 . 2 2 6 4 2 8 E + 0 3  
0 . 1 5 8 6 7 1 E + 0 3  
0 . 2 0 3 9 6 7 E + 0 3  
0 . 1 9 9 3 7 1 E + 0 3  
0 . 1 3 7 1 0 3 E + 0 3  
0 . 1 8 0 8 6 6 E + 0 3  
0 . 1 7 2 8 6 9 E + 0 3  
0 . 1 1 5 5 3 4 E + 0 3  
0 . 1 5 7 7 6 5 E + 0 3  
0 . 1 5 0 1 1 5 E + 0 3  
0 . 1 2 9 9 2 1 E + 0 3  
0 . 1 3 3 1 3 1 E + 0 3  
0 . 1 4 9 6 6 2 E + 0 3  
0 . 1 2 7 6 9 5 E + 0 3  
0 . 1 0 8 3 9 8 E + 0 3  
0 . 1 1 1 5 6 3 E + 0 3  
0 . 1 2 7 3 9 2 E + 0 3  
0 . 9 9 2 5 5 5 E + 0 2  
0 . 9 7 7 9 6 8 E + 0 2
0 .  12 5 1 3  6 E - 0  5 - 0
0 .  67 5 7 7 4 E - 0 5  - 0
0 .  3 57  53  I E - 0 4  - 0
- 0 . 8 2 2 9 8 3 E - 0 6  0
- 0 . 4 0 7 2 0 4 E - 0 5  0
0 . 2 9 1 0 1 4 E - 0 4  0
0 . 8 2 3 2 3 6 E - 0 5  0
0 . 1 0 6 0 3  3E-Q4  0
- 0 . 9 9 5 9 4 9 E - 0 5  0
0 . 8 2 0 7 1 2 E - 0 6  - 0
0 . 3 7 4 6 1 4 E - 0 5  - 0
- 0 . 1 5 2 6 2 0 E - 0 3  - 0
- 0 . 6 8 0 0 3 3 E - 0 5  - 0
- 0 . ' 8 0 2 5 0 8 E - 0 5  - 0
0 . 2 9 1 0 1 4 E - 0 4  0
0 . 8 2 3 2 3 6 E - 0 5  0
0 . 1 0 6 0 3  3 E - 0 4  0
- 0 . 5 9 1 3 6 4 E - 0 3  - 0
- 0 . 3 7 8 3 5 2 E - 0 5  - 0
- 0 . 5 9 5 2 7 3 E - 0 5  - 0
- 0 . 1 1 1 7 6 3 E - 0 2  0
0 . 1 7 6 2 8 4 E - 0 6  - 0
0 . 1 0 4 7 3  0 E - 0 5  - 0
0 . 9 0 8 9 0 6 E - 0 4  - 0
- 0 . 3 1 5 5 9 9 E - 0 6  0
- 0 . 1 7 0 4 3 4 E - 0 5  0
- 0 . 4 5 6 9 8 5 E - 0 3  - 0
0 . 3 6 3 3 9 5 E - 0 5  0
0 . 5 1 4 9 1 6 E - 0 5  0
- 0 . 6 8 8 5 8 5 E - 0 3  0
0 . 2 0 5 7 2 9 E - 0 6  - 0
0 . 1 0 1 7 9 3 E - 0 5  - 0
- 0 . 5 4 4 2 3 6 E - 0 3  - 0
- 0 . 1 3 6 0 8 5 E - 0 5  - 0
- 0 . 1 7 5 2 7 8 E - 0 5  - 0
—0 . 4 5 6 9 8  5 E - 0 3  - 0
0 . 3 6 3 3 9 6 E - 0 5  0
0 . 5 1 4 9 1 6 E - 0 5  0
- 0 . 9 9 5 9 4 8 E - 0 5  0
- 0 . 3 0 1 6 6 4 E - 0 6  0
- 0 . 1 3 7 6 9 4 E - 0 5  0
- 0 . 1 5 2 6 2 0 E - 0 3  - 0
0 . 1 9 1 6 8 5 E - Q 5  0
0 . 2 2 6 2 0 8 E - 0 5  0
0 . 2 9 1 0 1 4 E - Q 4  0
0 . 2 5 4 4 9 7 E - 0 4  0
0 . 3 2 7 7 9 4 E - 0 4  0
- 0 . 4 5 6 9 8 5 E - 0 3  - 0
0 . 3 6 3 3 9 6 E - 0 5  0
0 . 5 1 4 9 1 6 E - 0 5  0
0 J 6 7 1 9 1 5 E - 0 4  - 0
- 0 . 2 7 5 1 0 5 E - 0 6  0
- 0 . 5 8 3 8 3 3 E - 0 7  0
O n l y  1 s t  a n d  2 n d  
- 0 . 4 5 2 1 2 0 E - 0 3  - 0
- 0 . 2 4 3 8 5 4 E - 0 5  - 0
- 0 . 4 2 6 1 5 7 E - 0 6  - 0
O n l y  1 s t  a n d  2 n d  
- 0 . 2 9 0 6 1 3 E - 0 6  - 0
- 0 . 1 2 6 3 0 5 E - 0 5  - 0
. 1 5 0 1 2  6 E - 0 4  
. 8 1 0 7 3 0 E - 0 4  
. 4 1 4  7 1 9 E - 0 3  
. 9 5 4 6 2 1 E —0 5  -
. 4 7 2 3 3 8 E - 0 4  -
. 4  0 8 1 7  0E-O3  -
. 1 1 5 4 6 5 E - 0 3  
. 1 4 8 7 2 0 E —03  -
. 1 1 2 9 6 2 E —03 -
. 9 3 0 8 6 3 E —0 5  -
. 4 2 4 8 9 2 E - 0 4  -
. 3 0 7 7 2 2 E - 0 2  -
. 1 3  7 1 1 3 E - 0 3  -
. 1 6 1 8 0 7 E - 0 3  -
. 4 0 8 1 7 0 E - 0 3  -
. 1 1 5 4 6 5 E - 0 3  -
. 1 4 8 7 2 0 E - 0 3  -
. 5 4 6 0 5 3 E - 0 2  -
. 3 4 9 3 6 2 E - 0 4  -
. 5 4 9 6 6 2 E —04  -
. 1 3 9 8 6 8 E - 0 1  -
. 2 2 0 6 1 5 E - 0 5  -
. 1 3 1 0 6 8 E - 0 4  -
. 1 0 9 0 4 2 E - 0 2  -
. 3 7 8 6 2 6 E - 0 5  -
. 2 0 4 4 7 1 E - 0 4  -
. 5 0 3 1 2 8 E - 0 2  -
. 4 0 0 0 8 9 E —04  -
. 5 6 6 9 0 9 E —04  -
. 7 9 8 7 2 6 E —02  -
. 2 3 8 6 3 5 E —0 5  -
. 1 1 8 0 7 5 E —04  -
. 7 6 3 3  3 3 E - 0 2  -
. 1 9 0 8 6 9 E - 0 4  -
. 2 4 5 8 4 1 E —04  -
. 5 0 3 1 2 8 E —02  -
. 4 0 0 0 8 9 E - 0 4  
. 5 6 6 9 0 9 E - 0 4  
. 1 1 2 9 6 2 E —03 -
. 3 4 2 1 5 1 E —05  -
. 1 5 6 1 7 5 E —0 4  -
. 3 0 7 7 2 2 E - 0 2  -
. 3 8 6 4 8 9 E —0 4  -
. 4 5 6 0 9 6 E - 0 4  -
. 4 0 8 1 7 0 E - 0 3  -
. 3 5 6 9 5 1 E - 0 3  -
. 4 5 9 7 5 6 E - 0 3  -
. 5 0 3 1 2 8 E - 0 2  -
. 4 0 0 0 8 9 E - 0 4  -
. 5 6 6 9 0 9 E - 0 4  -
. 2 7 3 1 8 4 E - 0 2  -
. 1 1 1 8 5 1 E - 0 4  -
. 2 3 7 3 7 2 E —0 5  -
t r e a t e d .
. 1 8 5 0 8 8 E —02  -
. 9 9 8 2 8 4 E - 0 5  -
. 1 7 4 4 5 9 E - 0 5  -
t r e a t e d .
. 1 0 3 7 8 5 E —05  -
. 4 5 1 0 6 8 E - 0 5  -
1 S 1 H 1 S 1 P 1 P 1 P 1 S 1  
1 S 1 H 2 S 1 P 1 P 1 P 1 S 1  
1 S 1 S 1 P 1 P 1 S 1 S 1  
1 S 1 H 1 S 1 P 1 P 1 S 1 S 1  
1 S 1 H 2 S 1 P 1 P 1 S 1 S 1 
1 S 1 S 1 P 1 P 1 S 1 P 1  
1 S 1 H 1 S 1 P 1 P 1 S 1 P 1  
1 S 1 H 2 S 1 P 1 P 1 S 1 P 1  
1 S 1 S 1 P 1 S 1 S 1 S 1  
1 S 1 H 1 S 1 P 1 S 1 S 1 S 1  
1 S 1 H 2 S 1 P 1 S 1 S 1 S 1  
1 S 1 S 1 P 1 S 1 S 1 P 1  
1 S 1 H 1 S 1 P 1 S 1 S 1 P 1  
1 S 1 H 2 S 1 P 1 S 1 S 1 P 1  
1 S 1 S 1 P 1 S 1 P 1 P 1  
1 S 1 H 1 S 1 P 1 S 1 P 1 P 1  
1 S 1 H 2 S 1 P 1 S 1 P 1 P 1  
1 S 1 P 1 P 1 P 1 P 1 P 1  
1 S 1 H 1 P 1 P 1 P 1 P 1 P 1  
1 S 1 H 2 P 1 P 1 P 1 P 1 P 1  
1 S 1 P 1 P 1 P 1 P 1 S 1  
1 S 1 H 1 P 1 P 1 P 1 P 1 S 1  
1 S 1 H 2 P 1 P 1 P 1 P 1 S 1 
1 S 1 P 1 P 1 P 1 S 1 S 1  
1 S 1 H 1 P 1 P 1 P 1 S 1 S 1  
1 S 1 H 2 P 1 P 1 P 1 S 1 S 1  
1 S 1 P 1 P 1 P 1 S 1 P 1  
1 S 1 H 1 P 1 P 1 P 1 S 1 P 1  
1 S 1 H 2 P 1 P 1 P 1 S 1 P 1  
1 S 1 P 1 P 1 S 1 S 1 S 1  
1 S 1 H 1 P 1 P 1 S 1 S 1 S 1  
1 S 1 H 2 P 1 P 1 S 1 S 1 S 1  
1 S 1 P 1 P 1 S 1 S 1 P 1  
1 S 1 H 1 P 1 P 1 S 1 S 1 P 1  
1 S 1 H 2 P 1 P 1 S 1 S 1 P 1  
1 S 1 P 1 P 1 S 1 P 1 P 1  
1 S 1 H 1 P 1 P 1 S 1 P 1 P 1  
1 S1H2 P 1 P 1 S 1 P 1 P 1  
1 S 1 P 1 S 1 S 1 S 1 S 1  
1 S 1 H 1 P 1 S 1 S 1 S 1 S 1  
1 S 1 H 2 P 1 S 1 S 1 S 1 S 1  
1 S 1 P 1 S 1 S 1 S 1 P 1  
1 S 1 H 1 P 1 S 1 S 1 S 1 P 1  
1 S 1 H 2 P 1 S 1 S 1 S 1 P 1  
1 S 1 P 1 S 1 S 1 P 1 P 1  
1 S 1 H 1 P 1 S 1 S 1 P 1 P 1  
1 S 1 H 2 P 1 S 1 S 1 P 1 P 1  
1 S 1 P 1 S 1 P 1 P 1 P 1  
1 S 1 H 1 P 1 S 1 P 1 P 1 P 1  
1 S 1 H 2 P 1 S 1 P 1 P 1 P 1  
1 S 1 S 2 S 2 S 2 S 2 S 1  
1 S 1 S 2 H 1 S 2 S 2 S 2 S 1  
1 S 1 H 2 S 2 S 2 S 2 S 2 S 1  
1 S 1 H 3 S 2 S 2 S 2 S 2 S 1  
1 S 1 S 2 S 2 S 2 S 2 P 1  
1 S 1 S 2 H 1 S 2 S 2 S 2 P 1  
1 S 1 H 2 S 2 S 2 S 2 S 2 P 1  
1 S 1 H 3 S 2 S 2 S 2 S 2 P 1  
1 S 1 S 2 S 2 S 2 P 2 P 1  



























































0 . 1 2 0 8 1 7 E + 0 3  
0 . 1 1 9 3 2 0 E + 0 3  
0 . 8 7 7 0 1 3 E + 0 2  
0 . 8 7 1 9 5 7 E + 0 2  
0 . 1 0 9 2 4 9 E + 0 3  
0 . 1 0 8 7 1 9 E + 0 3  
0 . 1 2 0 8 1 7 E + 0 3  
0 . 1 1 9 3 2 0 E + 0 3  
0 • 9 9 2 5 5 5 E + 0 2  
0 . 9 7 7 9 6 8 E + 0 2  
0 . 7  6 6 7 0 1 E + 0 2  
0 . 7 6 5 9 4 7 E + 0 2  
0 . 9 8 2 0 3 4 E + 0 2  
0 . 9 8 1 1 8 0 E + 0 2  
0 . 1 0 9 2 4 9 E + 0 3  
0 . 1 0 8 7 1 9 E + 0 3  
0 . 8 7 7 0 1 3 E + 0 2  
0 . 8 7 1 9 5 7 E + 0 2  
0 . 1 2 0 8 1 7 E + 0 3  
0 . 1 1 9 3 2 0 E + 0 3  
0 . 9 9 2 5 5 5 E + 0 2  
0 . 9 7 7 9 6 8 E + 0 2  
0 . 8 7 7 0 1 3 E + 0 2  
0 . 8 7 1 9 5 7 E + 0 2  
0 . 6 6 0 0 6 8 E + 0 2  
0 . 8 7 5 2 6 5 E + 0 2  
0 . 9 8 2 0 3 4 E + 0 2  
0 . 9 8 1 1 8 0 E + 0 2  
0 . 7 6 6 7 0 1 E + 0 2  
0 . 7 6 5 9 4 7 E + 0 2  
0 . 1 0 9 2 4 9 E + 0 3  
0 . 1 0 8 7 1 9 E + 0 3  
0 . 8 7 7 0 1 3 E+02  
0 . 8 7 1 9 5 7 E + 0 2  
0 . 7 6 6 7 0 1 E + 0 2  
0 . 7 6 5 9 4 7 E + 0 2  
0 . 1 2 0 8 1 7 E + 0 3  
0 . 1 1 9 3 2 0 E + 0 3  
0 . 9 9 2 5 5 5 E + 0 2  
0 . 9 7 7 9 6 8 E + 0 2  
0 . 8 7 7 0 1 3 E + 0 2  
0 . 8 7 1 9 5 7 E+02  
0 . 7 6 6 7 0 1 E + 0 2  
0 . 7 6 5 9 4 7 E + 0 2  
0 . 1 9 6 2 4 2 E + 0 3  
0 . 1 6 3 8 4 9 E + 0 3  
0 . 1 6 7 4 7 0 E + 0 3  
0 . 1 9 1 0 2 3 E + 0 3  
0 . 1 7 3 4 0 4 E + 0 3  
0 . 1 4 2 3 2 6 E + 0 3  
0 . 1 4 5 9 0 1 E + 0 3  
0 . 1 6 8 7 5 3 E + 0 3  
0 . 1 5 0 5 9 0 E + 0 3  
0 . 1 2 0 8 0 2 E + 0 3  
0 . 1 2 4 3 3 3 E + 0 3  
0 . 1 4 6 4 8 4 E + 0 3  
0 . 1 7 3 4 0 4 E + 0 3  
0 . 1 4 2 3 2 6 E + 0 3  
0 . 1 4 5 9 0 1 E + 0 3  
0 . 1 6 8 7 5 3 E + 0 3
- 0 . 9 4 9 6 9 1 E - 0 8  0
- 0 . 3 4 2 8 7 1 E - 0 7  0
0 . 5 6 5 1 4 3 E - 0 6  0
- 0 . 1 2 2 4 8 8 E - 0 4  - 0
0 . 1 8 2 9 7 3 E - 0 7  - 0
- 0 . 3 1 4 0 6 1 E - 0 6  0
- 0 . 2 5 6 1 5 7 E - 0 7  0
- 0 . 3 6 4 4 3 3 E - 0 6  0
0 . 2 0 5 7  6 3 E —0 7  0
0 • 3 4 9 8 1 1 E —0 6  0
- 0 . 1 0 9 2 2 9 E - 0 4  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 2 8 4 3 4 2 E - 0 6  0
A r r i v a l  t o o  c l o s e  
- 0 . 1 0 3 2 0 0 E - 0 7  0
0 . 2 2 4 9 1 1 E - 0 5  - 0
0 . 7 4 9 3 8 0 E - 0 8  0
- 0 . 3 4 1 9 2 9 E - 0 5  - 0
- 0 . 2 5 6 1 5 7 E - 0 7  0
- 0 . 1 0 9 1 5 1 E - 0 6  0
0 . 2 0 5 7 6 3 E - 0 7  0
0 . 1 0 6 0 1 0 E - 0 6  0
0 . 1 7 9 8 5 0 E - 0 7  0
0 . 1 8 7 2 0 3 E - 0 5  0
0 . 6 3 7 4 2 I E - 0 5  0
0 . 1 5 4 6 7 9 E - 0 6  - 0
0 . 2 8 4 3 4 2 E - 0 6  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 4 4 5 3 2 4 E - 0 6  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 1 8 2 9 7 3 E - 0 7  0
0 . 2 4 3 2 2 2 E - 0 6  - 0
0 . 2 1 4  6 8 9 E—07  0
- 0 . 3 6 1 1 9 6 E - 0 6  - 0
- 0 . 1 1 1 4 1 4 E - 0 5  - 0
A r r i v a l  t o o  c l o s e  
0 . 9 4 9 6 9 1 E - 0 8  - 0
0 . 2 7 9 3 8 8 E - 0 7  - 0
- 0 . 7 6 2 5 1 6 E - 0 8  - 0
- 0 . 2 6 8 9 2 4 E - 0 7  - 0
- 0 . 6 5 4 8 5 4 E - 0 8  - 0
- 0 . 3 1 0 2 0 3 E - 0 6  - 0
- 0 . 1 1 1 4 1 4 E - 0 5  - 0
A r r i v a l  t o o  c l o s e  
0 . 4 9 5 9 3 7 E - 0 4  - 0
—0 „ 2 2 5 7 7 3 E - 0 5  0
- 0 . 4 5 7 5 4 7 E - 0 6  0
O n l y  1 s t  a n d  2 nd  
0 . 1 2 8 7 0 6 E - 0 3  0
0 . 3 9 9 9 9 9 E —0 5  0
0 . 6 6 6 7 1 0 E - 0 6  0
O n l y  1 s t  a n d  2 nd  
0 . 1 5 9 8 6 6 E - 0 4  0
0 . 1 4 4 1 4 3 E - 0 4  0
0 . 2 4 1 3 3 7 E - 0 5  0
O n l y  1 s t  a n d  2 nd  
0 . 1 8 1 0 8 2 E - 0 4  - 0
- 0 . 3 8 9 1 8 9 E - 0 6  0
- 0 . 7 9 2 1 8 8 E - 0 7  0
O n l y  1 s t  a n d  2nd
. 2 7 0 0 8 6 E - 0 5  -
. 9 7  5 1 0 0 E - 0 5  -
. 2  01 4  0 1 E - 0 5  -
. 43  6 5 H E —04 -
. 5 7 8 8 3 2 E - 0 5  -
. 9 9 3 5 2 5 E - 0 4  -
. 7 2 8 4 9 3 E - 0 5  -
. 103  6 4 2 E - 0 3  -
. 7 3 4 8 3 1 E - 0 7  -
. 1 2 4 9 2  6E—0 5  -  
. 3 8 8 3 7 8 E - 0 4  -
t o  r e f l e c t .  -  
. 1 0 2 4 7 2 E —03 -
t o  r e f l e c t .  -  
. 32  6 4 7 2 E - 0 5  -
. 7 1 1 5 0 2 E - 0 3  -
. 2 6 7 0 5 7 E - 0 7  -
. 1 2 1 8 5 4 E - 0 4  -
. 7 2 8 4 9 3 E - 0 5  -
. 3 1 0 4 1 9 E - 0 4  -
. 7 3 4 8 3 1 E —07  -
. 3 7 8 5 8 7 E - 0 6  -
. 6 4 0 9 3 2 E - 0 7  -
. 6 6 7 1 3  9 E —05  -
. 2  2 6 1 7  3E—04  -
. 6 3 9 8 7 2 E - 0 4  -
. 1 0 2 4 7 2 E - 0 3  
t o  r e f l e c t .  -  
. 1 5 8 3 4 1 E - 0 5  -
t o  r e f l e c t .  -  
. 5 7 8 8 3 2 E - 0 5  -
. 7 6 9 4 2 6 E - 0 4  -
. 7 6 5 0 8 9 E - 0 7  -
. 1 2 8 7  2 0 E - 0 5  -
. 3 9 6 1 4 8 E - 0 5  -
t o  r e f l e c t .  -  
. 2 7 0 0 8 6 E - 0 5  -
. 7 9 4 5 6 1 E - 0 5  -
. 2 7 2 3 14 E —07  -
. 9 6 0 3 9 6 E - 0 7  -
. 2 3 3 3 7 1 E - 0 7  -
. 1 1 0 5 4 8 E - 0 5  -
. 3  9 6 1 4 8 E - 0 5  -
t o  r e f l e c t .  -  
. 1 4 8 5 1 4 E - 0 2  -
. 6 7 6 1 0 5 E - 0 4  -
. 1 3 7 0 1 8 E —04  -
t r e a t e d .  -
. 5 6 7 7 4 6 E - 0 3  -
. 1 7 6 4 4 6 E - 0 4  -
. 2 9 4 0 9 7 E —0 5  -
t r e a t e d .
. 7 0 1 9 9 4 E - 0 4  -
. 6 3 2 9 5 1 E —0 4  -
. 1 0 5 9 7 5 E - 0 4  -
t r e a t e d .
. 5 4 9 9 1 3 E - 0 3  -
. 1 1 8 1 9 0 E - 0 4  -
. 2 4 0 5 7 3 E - 0 5  -
t r e a t e d .
1 S 1 S 2 S 2 S 2 P 2 S 1  
1 S 1 S 2 H 1 S 2 S 2 P 2 S 1  
1 S 1 S 2 S 2 P 2 P 2 P 1  
1 S 1 S 2 H 1 S 2 P 2 P 2 P 1  
1 S 1 S 2 S 2 P 2 P 2 S 1 
1 S1S2H1S2P2P2S1 
1 S 1 S 2 S 2 P 2 S 2 S 1  
1 S 1 S 2 H 1 S 2 P 2 S 2 S 1 
1 S 1 S 2 S 2 P 2 S 2 P 1  
1 S 1 S 2 H 1 S 2  P 2S 2  PI  
1 S 1 S 2 P 2 P 2 P 2 P 1  
1 H 1 S 1 S 2 P 2 P 2 P 2 P 1  
1 S 1 S 2 P 2 P 2 P 2 S 1  
1 H 1 S 1 S 2 P 2 P 2 P 2 S 1  
1 S 1 S 2 P 2 P 2 S 2 S 1  
1 S 1 S 2 H 1 P 2 P 2 S 2 S 1 
1 S 1 S 2 P 2 P 2 S 2 P 1  
1 S 1 S 2 H 1 P 2 P 2 S 2 P 1  
1 S 1 S 2 P 2 S 2 S 2 S 1 
1 S 1 S 2 H 1 P 2 S 2 S 2 S 1  
1 S 1 S 2 P 2 S 2 S 2 P 1  
1 S 1 S 2 H 1 P 2 S 2 S 2 P 1  
1 S 1 S 2 P 2 S 2 P 2 P 1  
1 S 1 S 2 H 1 P 2 S 2 P 2 P 1  
1 S 1 P 2 P 2 P 2 P 2 P 1  
1 S 1 P 2 P 2 P 2 P 2 S 1  
1 S 1 P 2 P 2 P 2 S 2 S 1  
1 H1 S 1 P 2P 2  P 2 S 2 S 1  
1 S 1 P 2 P 2 P 2 S 2 P 1  
1 H 1 S 1 P 2 P 2 P 2 S 2 P 1  
1 S 1 P 2 P 2 S 2 S 2 S 1  
1 S 1 P 2 H 1 P 2 S 2 S 2 S 1  
1 S 1 P 2 P 2 S 2 S 2 P 1  
1 S 1 P 2 H 1 P 2 S 2 S 2 P 1  
1 S 1 P 2 P 2 S 2 P 2 P 1  
1 H 1 S 1 P 2 P 2 S 2 P 2 P 1  
1 S 1 P 2 S 2 S 2 S 2 S 1  
1 S 1 P 2 H 1 S 2 S 2 S 2 S 1  
1 S 1 P 2 S 2 S 2 S 2 P 1  
1 S 1 P 2 H 1 S 2 S 2 S 2 P 1  
1 S 1 P 2 S 2 S 2 P 2 P 1  
1 S 1 P 2 H 1 S 2 S 2 P 2 P 1  
1 S 1 P 2 S 2 P 2 P 2 P 1
1 H 1 S 1 P 2 S 2 P 2 P 2 P 1
2 S 1 S 2 S 2 S 1 S 1 S 1
2 S 1 S 2 H 1 S 2 S 1 S 1 S 1  
2 S 1 H 2 S 2 S 2 S 1 S 1 S 1  
2 S 1 H 3 S 2 S 2 S 1 S 1 S 1  
1 S 1 S 2 S 2 S 1 S 1 P 1  
1 S 1 S 2 H 1 S 2 S 1 S 1 P 1  
1 S 1 H 2 S 2 S 2 S 1 S 1 P 1  
1 S 1 H 3 S 2 S 2 S 1 S 1 P 1  
1 S 1 S 2 S 2 S 1 P 1 P 1  
1 S 1 S 2 H 1 S 2 S 1 P 1 P 1  
1 S 1 H 2 S 2 S 2 S 1 P 1 P 1  
1 S 1 H 3 S 2 S 2 S 1 P 1 P 1  
1 S 1 S 2 S 2 S 1 P 1 S 1  
1 S 1 S 2 H 1 S 2 S 1 P 1 S 1  
1 S 1 H 2 S 2 S 2 S 1 P 1 S 1  



























































0 . 1 2 7 8 0 2 E + 0 3  
0 . 9 9 2 7 9 0 E + 0 2  
0 . 1 0 2 7 6 4 E + 0 3  
0 . 1 2 4 2 1 5 E + 0 3  
0 . 1 5 0 5 9 0 E + 0 3  
0 . 1 2 0 8 0 2 E + 0 3  
0 . 1 2 4 3 3 3 E + 0 3  
0 . 1 4 6 4 8 4 E + 0 3  
0 . 1 7 3 4 0 4 E + 0 3  
0 . 1 4 2 3 2 6 E + 0 3  
0 . 1 4 5 9 0 1 E + 0 3  
0 . 1 6 8 7 5 3 E + 0 3  
0 . 1 5 0 5 9 0 E + 0 3  
0 . 1 2 0 8 0 2 E + 0 3  
0 . 1 2 4 3 3 3 E + 0 3  
0 . 1 4 6 4 8 4 E + 0 3  
0 . 9 0 4 1 3 5 E + 0 2  
0 . 1 1 1 9 7 7 E + 0 3  
0 . 1 3 3 5 4 0 E + 0 3  
0 . 1 1 1 9 7 7 E + 0 3  
0 . 1 5 5 1 0 3 E + 0 3  
0 . 1 3 3 5 4 0 E + 0 3  
0 . 1 1 1 9 7 7 E + 0 3  
0 . 7 8 7 6 6 8 E + 0 2  
0 . 7 8 0 7 6 9 E + 0 2  
0 . 1 0 0 3 1 8 E + 0 3  
0 . 9 9 6 0 0 2 E + 0 2  
0 . 1 2 1 8 6 9 E + 0 3  
0 . 1 2 1 1 2 4 E + 0 3  
0 . 1 0 0 3 1 8 E + 0 3  
0 . 9 9 6 0 0 2 E + 0 2  
0 . 1 4 3 4 2 1 E + 0 3  
0 . 1 4 2 6 4 7 E + 0 3  
0 . 1 2 1 8 6 9 E + 0 3  
0 . 1 2 1 1 2 4 E + 0 3  
0 . 1 0 0 3 1 8 E + 0 3  
0 . 9 9 6 0 0 2 E + 0 2  
0 . 1 5 5 1 0 3 E + 0 3  
0 . 1 3 3 5 4 0 E + 0 3  
0 . 1 1 1 9 7 7 E + 0 3  
0 . 9 0 4 1 3 5 E + 0 2  
0 . 1 6 1 5 4 6 E + 0 3  
0 . 1 5 9 3 2 6 E + 0 3  
0 . 1 6 0 1 6 2 E + 0 3  
0 . 1 3 9 8 2 1 E + 0 3  
0 . 1 3 7 7 5 7 E + 0 3  
0 . 1 3 8 5 6 4 E + 0 3  
0 . 1 2 5 7 7 9 E + 0 3  
0 . 1 2 5 3 2 8 E + 0 3  
0 . 1 4 7 3 3 0 E + 0 3  
0 . 1 4 6 8 5 1 E + 0 3  
0 . 1 0 2 3 5 3 E + 0 3  
0 . 1 2 3 8 4 0 E + 0 3  
0 . 1 3 3 8 4 0 E + 0 3  
0 . 1 1 2 3 4 7 E + 0 3  
0 . 8 1 7 2 7 3 E + 0 2  
0 . 1 0 3 1 9 4 E + 0 3  
0 . 1 1 2 8 9 1 E + 0 3  
0 . 9 1 4 2 0 0 E + 0 2  
0 . 1 3 3 8 4 0 E + 0 3
- 0 . 1 0 8 3 1 2 E - 0 3  - 0
0 . 12 7  0 8 3 E - 0 4  0
0 . 2 1 3 7 5 9 E - 0 5  0
O n l y  1 s t  a n d  2 n d  
- 0 . 1 9 1 2 2 0 E - 0 3  0
- 0 . 3 8 8 8 6 4 E - 0 6  0
- 0 . 7 9 5 0 9 4 E - 0 7  0
O n l y  1 s t  a n d  2n d  
0 . 2 9 4 8 2 4 E —0 4  - 0
- 0 . 4 8 1 2 8 9 E - 0 5  0
- 0 . 9 7 9 6 5 6 E - 0 6  0
O n l y  1 s t  a n d  2 nd  
- 0 . 1 8 5 8 8 6 E - 0 3  - 0
0 . 2 1 7 1 1 9 E —0 4  0
0 . 3 6 3 5 2 0 E - 0 5  0
O n l y  1 s t  a n d  2 n d  
0 . 6 3 2 8 4 6 E - 0 5  0
0 . 2 4 5 6 3 6 E - 0 7  - 0
- 0 . 6 1 5 5 1 3 E - 0 7  0
0 . 2 7 7 1 5 9 E - 0 7  0
- 0 . 1 4 2 7 4 4 E - 0 6  0
0 . 6 3 5 6 8 0 E - 0 7  0
0 . 2 3 6 5 9 9 E - 0 6  0
0 . 8 2 9 7 6 0 E - 0 5  0
- 0 . 2 1 7  6 8 9 E - 0 4  - 0
0 . 5 4 7 0 7 7 E - 0 7  - 0
0 . 2 3 9 7 2 6 E - 0 6  - 0
- 0 . 8 7 8 0 9 0 E - 0 7  0
0 . 1 1 3 9 1 2 E - 0 6  - 0
0 . 6 1 8 0 0 2 E - 0 7  0
- 0 . 1 5 3 3 9 5 E - 0 6  - 0
“ 0 . 2 0 8 9 7 8 E - 0 6  0
0 . 4 0 9 5 2 2 E - 0 6  - 0
0 . 1 4 6 1 5 6 E —0 6  0
—0 . 5 4 7 2 6 1 E - 0 6  - 0
0 . 2 9 1 3 5 6 E - 0 6  0
0 . 3 5 9 1 4 1 E - 0 6  0
0 . 1 4 2 7 4 4 E - 0 6  - 0
“ 0 , ' 6 3 5 6 8 0 E “ 0 7  - 0
- 0 . 2 3 6 5 9 9 E - 0 6  - 0
0 . 1 5 3 7 1 6 E - 0 6  0
“ 0 . 3 6 9 3 7 4 E - 0 4  0
- 0 . 1 1 8 2 4 7 E - 0 5  0
—0 . 2 2  6 8 2 8 E - 0 4  0
0 . 5 8 7 4 2 6 E - 0 4  0
0 . 5 4 2 9 3 1 E - 0 5  0
- 0 . 8 5 3 1 1 7 E - 0 4  - 0
“ 0 . 5 9 7 2 2 2 E - 0 5  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 1 7 6 8 1 9 E - 0 6  0
A r r i v a l  t o o  c l o s e  
- 0 . 3 6 7 8 1 4 E - 0 4  - 0
“ 0 . 4 9 8 5 9 9 E - 0 6  0
“ 0 . 2 3 2 6 2 1 E - 0 6  0
0 . 4 8 8 4 4 7 E —0 6  0
0 . 2 1 2 6 2 4 E - 0 5  0
0 . 1 8 6 5 6 7 E - 0 7  - 0
0 . 9 2 1 0 3 2 E - 0 8  - 0
“ 0 . 2 0 8 1 7 5 E - 0 7  - 0  
0 . 2 3 2 6 2 1E“ 0 6  - 0
. 4 7 3 2 7 0 E - 0 3  
. 5 5 5 2 9 0 E - 0 4  
. 9 3  4 0 1 9 E - 0 5  
t r e a t e d .
. 5 8 9 8 6 5 E - 0 2  
. 1 1 9 9 5 4 E - 0 4  
. 2 4 5 2 6 6 E - 0 5  
t r e a t e d .
. 8 9 5 3 2 9 E - 0 3  
. 1 4 6 1 5 9 E - 0 3  
. 2 9 7 5 0 4 E - 0 4  
t r e a t e d .
. 8 1 6 2 5 4 E - 0 3  
. 9 5 3 4 0 0 E - 0 4  
. 1 5 9 6 2 7 E - 0 4  
t r e a t e d .
. 2 2 6 0 4 5 E - 0 4  
. 6 9 2 8 8 5 E - 0 5  
. 1 7 3 4 5 2 E - 0 4  
. 9 8 9 9 9 9 E - 0 7  
. 4 0 1 8 7 3 E - 0 4  
. 2 2 7 0 6 7 E - 0 6  
. 8 4 5 1 2 1 E - 0 6  
. 2 9 5 8 3 0 E - 0 4  
. 7 7 6 1 1 4 E - 0 4  
. 1 6 9 2 0 8 E - 0 4  
. 7 4 1 4 5 9 E - 0 4  
. 2 7 0 8 2 5 E - 0 4  
. 3 5 1 3 3 4 E - 0 4  
. 2 2 0 3 4 5 E - 0 6  
. 5 4 6 9 2 1 E - 0 6  
. 6 4 2 7 7 8 E - 0 4  
. 1 2 5 9 6 1 E - 0 3  
. 5 2 1 1 3 8 E - 0 6  
. 1 9 5 1 3 3 E - 0 5  
. 1 0 3 8 8 1 E - 0 5  
. 1 2 8 0 5 0 E - 0 5  
. 4 0 1 8 7 3 E —04  
. 2 2 7 0 6 7 E —0 6  
. 8 4 5 1 2 1 E —0 6  
. 5 4 9 0 5 5 E - 0 6  
. 4 7 3 3 0 5 E —02  
. 1 5 1 5 1 8 E - 0 3  
. 2 9 0 6 5 0 E - 0 2  
. 2 1 5 0 2 3 E - 0 3  
. 1 9 8 7 3 6 E - 0 4  
. 3 1 2 2 7 7 E - 0 3  
. 2 1 2 9 3 7 E - 0 4  
t o  r e f l e c t .  
. 5 4 4 1 2 2 E - 0 4  
t o  r e f l e c t .  
. 1 2 9 8 6 7 E - 0 3  
. 3 2 0 8 5 1 E - 0 3  
. 1 3 5 2 7 5 E - 0 3  
. 1 7 2 6 2 4 E - 0 5  
. 7 4 8 4 7 3 E - 0 5  
. 1 8 2 2 2 3 E - 0 4  
. 8 1 4 3 9 2 E - 0 5  
. 7 3 3 2 5 8 E - 0 7  
. 1 3 5 2 7 5 E - 0 3
S 1 S 2 S 2 P 1 P 1 P 1
S 1 S 2 H 1 S 2 P 1 P 1 P 1
S 1 H 2 S 2 S 2 P 1 P 1 P 1
S 1 H 3 S 2 S 2 P 1 P 1 P 1
S 1 S 2 S 2 P 1 P 1 S 1
S 1 S 2 H 1 S 2 P 1 P 1 S 1
S 1 H 2 S 2 S 2 P 1 P 1 S 1
S 1 H 3 S 2 S 2 P 1 P 1 S 1
S 1 S 2 S 2 P 1 S 1 S 1
S 1 S 2 H 1 S 2 P 1 S 1 S 1
S 1 H 2 S 2 S 2 P 1 S 1 S 1
S 1 H 3 S 2 S 2 P 1 S 1 S 1
S 1 S 2 S 2 P 1 S 1 P 1
S 1 S 2 H 1 S 2 P 1 S 1 P 1
S 1 H 2 S 2 S 2 P 1 S 1 P 1
S 1 H 3 S 2 S 2 P 1 S 1 P 1
S 1 S 2 P 2 P 1 P 1 P 1
S1S2P2P1P1S1
S 1 S 2 P 2 P 1 S 1 S 1
S 1 S 2 P 2 P 1 S 1 P 1
S 1 S 2 P 2 S 1 S 1 S 1
S 1 S 2 P 2 S 1 S 1 P 1
S 1 S 2 P 2 S 1 P 1 P 1
S 1 P 2 P 2 P 1 P 1 P 1
S 1 P 2 H 1 P 2 P 1 P 1 P 1
S 1 P 2 P 2 P 1 P 1 S 1
S 1 P 2 H 1 P 2 P 1 P 1 S 1
S 1 P 2 P 2 P 1 S 1 S 1
S 1 P 2 H 1 P 2 P 1 S 1 S 1
S 1 P 2 P 2 P 1 S 1 P 1
S 1 P 2 H 1 P 2 P 1 S 1 P 1
S 1 P 2 P 2 S 1 S 1 S 1
S 1 P 2 H 1 P 2 S 1 S 1 S 1
S 1 P 2 P 2 S 1 S 1 P 1
S 1 P 2 H 1 P 2 S 1 S 1 P 1
S 1 P 2 P 2 S 1 P 1 P 1
S 1 P 2 H 1 P 2 S 1 P 1 P 1
S 1 P 2 S 2 S 1 S 1 S 1
S 1 P 2 S 2 S 1 S 1 P 1
S 1 P 2 S 2 S 1 P 1 P 1
S 1 P 2 S 2 P 1 P 1 P 1
S 1 S 2 S 3 S 3 S 2 S 1
S 1 H 1 S 2 S 3 S 3 S 2 S 1
S 1 S 2 S 3 H 2 S 3 S 2 S 1
S 1 S 2 S 3 S 3 S 2 P 1
S 1 H 1 S 2 S 3 S 3 S 2 P 1
S 1 S 2 S 3 H 2 S 3 S 2 P 1
S 1 S 2 S 3 S 3 P 2 P 1
H 1 S 1 S 2 S 3 S 3 P 2 P 1
S 1 S 2 S 3 S 3 P 2 S 1
H 1 S 1 S 2 S 3 S 3 P 2 S 1
S 1 S 2 S 3 P 3 P 2 P 1
S 1 S 2 S 3 P 3 P 2 S 1
S 1 S 2 S 3 P 3 S 2 S 1
S 1 S 2 S 3 P 3 S 2 P 1
S 1 S 2 P 3 P 3 P 2 P 1
S 1 S 2 P 3 P 3 P 2 S 1
S 1 S 2 P 3 P 3 S 2 S 1
S 1 S 2 P 3 P 3 S 2 P 1


















0 . 1 1 2 3 4 7 E + 0 3  
0 . 1 0 2 3 5 3 E + 0 3  
0 . 7 2  0 8 4  6E+02  
0 . 9 3 5 4 8 0 E + 0 2  
0 . 1 0 3 1 9 4 E + 0 3  
0 . 8 1 7 2 7 3 E + 0 2  
0 . 1 2 3 8 4 0 E + 0 3  
0 . 1 0 2 3 5 3 E + 0 3  
0 . 9 2 4 5 2 7 E + 0 2  
0 . 1 4 7 3 3 0 E + 0 3  
0 . 1 4 6 8 5 2 E + 0 3  
0 . 1 2 5 7 7 9 E + 0 3  
0 . 1 2 5 3 2 8 E + 0 3  
0 . 1 1 4 7 5 2 E + 0 3  
0 . 1 1 4 7 2 7 E + 0 3  
0 . 9 2 4 5 2 7 E + 0 2
- 0 . 4 8 8 4 4 7 E -  
- 0 . 1 7 2 7 6 8 E -  
0 . 4 7 8 5 8 7 E -  
0 . 3 7 8 8 5 4 E -  
0 . 1 8 6 5 6 7 E -  
- 0 . 4 2 6 6 7 3 E -  
0 . 4 9 8 5 9 9 E -  
- 0 . 1 0 7 0 9 2 E -  
- 0 . 3 6 8 0 7 1 E -  
- 0 . 1 7 6 8 1 9 E -  
A r r i v a l  t o o  
0 . 2 1 7 5 7 5 E -  
A r r i v a l  t o o  
- 0 . 4 1 2 1 1 4 E -  
A r r i v a l  t o o  





















c l o s e  
0 6  0 
c l o s e  
07  - 0
c l o s e  
0 6  0,
17 2 62 4 E - 0 5
6 1 0 0 0 5 E - 0 6
16 8  3 7 9 E - 0 4
4 0 8 5 7 4 E - 0 4
1 8 2 2 2 3 E - 0 4
1 5 0 1 9 6 E - 0 6
3 2 0 8 5 1 E - 0 3
3 7 8 1 1 7 E - 0 5
1 2 9 8 4 0 E - 0 5
5 4 4 1 2 2 E - 0 4
t o  r e f l e c t .
7 7 5 7 5 5 E —06
t o  r e f l e c t .
1 4 6 4 6 0 E - 0 6
t o  r e f l e c t .
1 2 9 8 4 0 E - 0 5
1 S 1 S 2 P 3 S 3 S 2 P 1  
1 S 1 S 2 P 3 S 3 P 2 P 1  
1 S 1 P 2 P 3 P 3 P 2 P 1  
1 S1P2P3P3P2S1 
1 S 1 P 2 P 3 P 3 S 2 S 1  
1 S 1 P 2 P 3 P 3 S 2 P 1  
1 S 1 P 2 P 3 S 3 S 2 S 1  
1 S 1 P 2 P 3 S 3 S 2 P 1  
1 S 1 P 2 P 3 S 3 P 2 P 1  
1 S 1 P 2 S 3 S 3 S 2 S 1  
1 H 1 S 1 P 2 S 3 S 3 S 2 S 1  
1 S 1 P 2 S 3 S 3 S 2 P 1  
1 H 1 S 1 P 2 S 3 S 3 S 2 P 1  
1 S 1 P 2 S 3 S 3 P 2 P 1  
1 H 1 S 1 P 2 S 3 S 3 P 2 P 1  
1 S 1 P 2 S 3 P 3 P 2 P 1
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APPENDIX C
Shot S pread , P-Source
SUMMARY OF ARRIVAL TIMES AND AMPLITUDES FOR EACH RAY NAME
POSITIVE GROUND MOTION IS UP AND AWAY FROM THE SOURCE.
DIR: DIRECTION TAKEN BY RAY FROM THE SOURCE, 1 MEANS UP AND 
-1 MEANS DOWN
ND: NUMBER OF DYNAMIC ANALOGS (SEE ENGELKEMEIR ( T - 2 1 7 5 ) )
THE SOURCE DEPTH IS 0 .1 5 0  AND THE SOURCE IS IN LAYER # 1
RECEIVER #  1 IN LAYER # 1 , RECEIVER POSI : R= 3 0 .0 0 0 0  HR= 0 .0 0 0 0
TOTAL DISPLAY TIME = 75 MS
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 .8 5 7 1 54E+02 0 . 4 3 1 590E+00 0 .8 6 2586E + 02 1 1 P1
2 0 .8 7 3 2 8 7 E + 0 2 -0 .3 8 9 5 5 3 E + 0 2 - 0 . 199769E+03 -1 1 P1P1
2 0 .3 4 5 1 5 7 E + 0 2 0 . 2 3 1 557E+01 0 . 1 1 8 7 4 7E+02 -1 1 P1H1P1
2 0 .7 0 0 5 3 7 E + 0 2 0 .345929E+01 0 .1 7 7398E + 02 -1 1 P1H2P1
3 0 . 1 14861E+03 0 . 4 1 2398E+02 -0 .1 3 9 0 4 2 E + 0 3 -1 1 P1S1
3 0 .5 6 0 8 4 2 E + 0 2 0 .0 0 0 0 0 0 E + 0 0 0 . OOOOOOE+OO -1 1 P1H1S1
3 0 .9 3 1 5 4 6 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 P1H2S1
4 0 .9 2 1 5 8 8 E + 0 2 -0 .4 9 8 9 8 5 E + 0 2 - 0 . 126325E+03 -1 1 P1P1P1P1
4 0 .5 1 2 6 8 5 E + 0 2 -0 .2 0 3 7 3 9 E + 0 0 -0 .5 1 5 7 9 5 E + 0 0 -1 1 P1H1P1P1P1
4 0 .8 2 7 3 2 1 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 P1H2P1P1P1
5 0 . 1 18220E+03 -0 .4 9 7 1 9 6 E + 0 2 0 . 1 74935E+03 -1 1 P1P1P1S1
5 0 .7 2 8 3 7 0 E + 0 2 0 . 1 13787E-01 - 0 . 4 0 0 3 5 1E -01 -1 1 P1H1P1P1S1
5 0 . 105833E+03 A r r i v a l  t o o  l a t e . -1 1 P1H2P1P1S1
6 0 . 144927E+03 - 0 . 2 4 9 5 77E+01 0 .856424E+01 -1 1 P1P1S1SI
6 0 .9 4 4054E + 02 A r r i v a l  t o o  l a t e . -1 1 H1P1P1S1S1
6 0 . 128934E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1S1S1
7 0 . 1 18220E+03 - 0 . 193081E+02 -0 .6 3 5 9 0 6 E + 0 2 -1 1 P1P1S1P1
7 0 . 728370E+02 0 . 568249E+00 0 . 187151E+01 -1 1 P1H1P1S1P1
7 0 . 105833E+03 A r r i v a l  t o o  l a t e . -1 1 P1H2P1S1P1
8 0 . 1 72386E+03 -0 .3 9 5 3 2 5 E + 0 2 0 .1 3 3379E + 03 -1 1 P1S1S1S1
8 0 . 1 1 5974E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S1S1S1
8 0 .1 5 2 0 3 5 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1S1S1S1
9 0 . 144927E+03 0 . 130988E+02 0 .6 3 2577E + 02 -1 1 P1S1S1P1
9 0 .9 4 4 0 5 4 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1S1S1P1
9 0 . 128934E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S1S1P1
10 0 . 1 18220E+03 - 0 . 193081E+02 -0 .6 3 5 9 0 6 E + 0 2 -1 1 P1S1P1P1
10 0 . 728370E+02 -0 .388288E + 01 - 0 . 127882E+02 -1 1 P1H1S1P1P1
10 0 . 105833E+03 A r r i v a l  t o o  l a t e . -1 1 P1H2S1P1P1
11 0 .1 4 4 9 2 7 E + 0 3 0.498458E+01 - 0 . 171046E+02 -1 1 P1S1P1S1
11 0 .9 4 4 0 5 4 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1S1P1S1
11 0 . 128934E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S1P1S1
12 0 .3 6 4 6 9 0 E + 0 2 0 . 128360E+00 0 .2 4 9 5 6 8 E -0 1 -1 1 P1P2P2P1
12 0 .3 6 2 5 1 4 E + 0 2 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . -1 1 H1P1P2P2P1
13 0 .5 8 0 1 0 8 E + 0 2 - 0 .7 3 1 6 3 5 E - 0 2 0 . 133609E+00 1 P1P2P2S1
13 0 . 5 7 7 7 4 7E+02 A r r i v a l  t o o  c l o s e  t o  r e f l e c t . -1 1 H1P1P2P2S1
14 0 .6 9 4 0 2 2 E + 0 2 0 .11 7 3 2 6 E + 0 0 -0 .199652E + 01 -1 1 P1P2S2S1
15 0 .4 7 8 4 2 8 E + 0 2 - 0 . 108952E+00 - 0 .2 2 8 3 1 9 E -0 1 -1 1 P1P2S2P1
16 0 . 9 9 6 9 9 5 E+02 0 . 126936E+02 -0 .7 3 0 5 9 4 E + 0 2 -1 1 P1S2S2S1
16 0 . 789768E+02 A r r i v a l  t o o  l a t e . -1 1 H1P1S2S2S1
16 0 .81 6 3 5 3 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H2P1S2S2S1
16 0 .97 6 2 5 0 E + 0 2 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2S1
17 0 .77 0 2 4 3 E + 0 2 -0 .8 3 5 7 0 4 E + 0 2 -0 .6 1 2 4 8 0 E + 0 2 -1 1 P1S2S2P1
17 0 .5 74535E + 02 0 . 100998E+02 0.740208E+01 -1 1 P1S2H1S2P1
17 0 .6 00669E + 02 - 0 . 126487E+01 - 0 .9 2 7 0 1 4 E + 0 0 -1 1 P1H2S2S2P1
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0 .4 7 8 4 2 8 E + 0 2
0 .6 9 4 0 2 2 E + 0 2
0 .9 9 7394E + 02
0 . 108952E+00 0 .2 2 8 3 1 8 E -0 1  
0 .3 4 4 2 4 4 E - 0 2  -0 .5 8 5 7 9 3 E -0 1  




1 P1P1P1P p p
20 0 .68 0 2 1 2 E + 0 2 - 0 . 1 18492E+01 - 0 . 199146E+01 -1 1 P1H1P P p p P1
20 0 .9 5 4105E + 02 A r r i v a l  t o o  l a t e . -1 1 P1H2P P p p P1
21 0 . 124646E+03 -0 .3 0 9 0 9 0 E + 0 2  0 .117357E+03 -1 1 P1P1P P p s
21 0 .8 9 5 8 9 7 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P P p p S1
21 0 . 1 1 8 5 1 1E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P P p p S1
22 0 . 150019E+03 0 .1 0 5 4 7 1 E+02 -0 .38 5 9 2 5 E + 0 2 -1 1 P1P1P P s s
22 0 . 1 1 1 158E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P P p s S1
22 0 . 141612E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P P p s SI
23 0 . 124646E+03 - 0 . 185858E+02 -0 .36 5 5 7 9 E + 0 2 -1 1 P1P1P P s p
23 0 .89 5 8 9 7 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P P p s P1
23 0 . 1 1 8 5 1 1E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P P p s P1
24 0 . 1 7 5 9 4 7E+03 0 .1 0 8 6 4 8 E + 0 2  -0 .3 8 4 4 7 6 E + 0 2 -1 1 P1P1P S s s
24 0 . 132727E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P P s s S1
24 0 . 164713E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P P s s S1
25 0 . 150019E+03 -0 .5 8 0 0 7 9 E + 0 2  - 0 . 138828E+03 -1 1 P1P1P s s p
25 0 . 1 1 1 158E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P p s s P1
25 0 . 141612E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P p s s P1
26 0 . 124646E+03 - 0 . 185858E+02 -0 .3 6 5 5 7 9 E + 0 2 -1 1 P1P1P s p p
26 0 .89 5 8 9 7 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P p s p P1
26 0 . 1 1 8 5 1 1E+Q3 A r r i v a l  t o o  l a t e . -1 1 H2P1P p s p P1
27 0 .1 5 0 0 1 9E+03 - 0 . 195065E+02 0 .713755E+ 02 -1 1 P1P1P s p s
27 0 . 1 1 1 158E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P p s p S1
27 0 . 141612E+03 A r r i v a l  t o o  l a t e . 1 H2P1P p s p S1
28 0 .2 0 2 5 3 7 E + 0 3 0 .624998E + 01  - 0 . 2 1 5 1 15E+02 -1 1 P1P1S s s s
28 0 . 1 54295E+03 A r r i v a l  t o o  l a t e . -1 1 HI PIP s s s S1
28 0 . 1 8 7 8 1 4E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P s s s SI
29 0 . 1 7 5 9 4 7E+03 0.445510E+ 01  0 . 138217E+02 -1 1 P1P1S s s p
29 0 . 1 3 2 7 2 7E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P s s s P1
29 0 . 164713E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P s s s P1
30 0 . 150019E+03 0.542257E+ 01  0 .129776E+ 02 -1 1 P1P1S s p p
30 0 . 1 1 1 158E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P s s p P1
30 0 . 141612E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P s s p P1
31 0 . 1 7 5 9 4 7E+03 0 . 160158E+01 -0 .566759E +01 -1 1 P1P1S s p s
31 0 . 1 3 2 7 2 7E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P s s p S1
31 0 .16 4 7 1 3 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1P s s p S1
32 0 . 124646E+03 - 0 . 185858E+02 -0 .3 6 5 5 7 9 E + 0 2 -1 1 P1P1S p p p
32 0 .89 5 8 9 7 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P s p p P1
32 0 . 1 1 8 5 1 1E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P s p p PI
33 0 . 150019E+G3 - 0 . 195065E+02 0 .713755E + 02 -1 1 P1P1S p p s
33 0 . 1 1 1 158E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P s p p S1
33 0 .1 4 1 6 1 2 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1P s p p S1
34 0 . 1 75947E+03 0 .160158E+ 01  -0 .566759E +01 -1 1 P1P1S p s s
34 0 . 1 3 2 7 2 7E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P s p s SI
34 0 . 164713E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P s p s S1
35 0 .2 2 9 9 1 4 E + 0 3 - 0 . 187561E+01 0 .633344E+01 - 1 1 P1S1S s s s
35 0 . 175864E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S s s s S1
35 0 .2 1 0915E + 03 A r r i v a l  t o o  l a t e . -1 1 H2P1S s s s S1
36 0 .2 0 2 5 3 7 E + 0 3 - 0 .3 4 6 1 8 0 E + 0 2  - 0 . 156895E+03 -1 1 P1S1S s s p
36 0 . 154295E+03 A r r i v a l  t o o  l a t e . -1 1 H1 PIS s s s P1
36 0 . 187814E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S s s s P1
37 0 . 1 7 5 9 4 7E+03 0.445510E+ 01  0 .1 3 8 2 1 7E+02 -1 1 P1S1S s p p
37 0 . 132727E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S s s p PI
37 0 .1 6 4 7 1 3 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1S s s p P1
38 0 .2 0 2 5 3 7 E + 0 3 - 0 . 131050E+02 0 .451057E + 02 -1 1 P1S1S s p s
38 0 . 154295E+03 A r r i v a l  t o o  l a t e . - 1 1 H1P1S s s p S1






























































0 . 1 50019E+03 
0 . 1 1 1 158E+03 
0 . 141612E+03 
0 . 175947E+03 
0 . 132727E+03 
0 . 164713E+03 
0 .2 0 2537E + 03  
0 . 154295E+03 
0 . 187814E+03 
0 . 124646E+03 
0 .895897E+02 
0 . 1 18511E+03 
0 . 150019E+03 
0 . 1 1 1 158E+03 
0 . 141612E+03 
0 . 1 7 5 9 4 7E+03 
0 .1 3 2 7 2 7 E + 0 3  
0 .16 4 7 1 3 E + 0 3  
0 .20 2 5 3 7 E + 0 3  
0 .15 4 2 9 5 E + 0 3  
0 . 1 8 7 8 1 4E+03 
0 .41 3 8 5 6 E + 0 2  
0 . 6 2 8 8 6 7E+02 
0 .73 1 9 8 6 E + 0 2  
0 .5 16825E + 02  
0 .83 8 5 5 2 E + 0 2  
0 .8 3 7 7 1 9E+02 
0 .6 23203E + 02  
0 .6 22486E + 02  
0 .51 6 8 2 5 E + 0 2  
0 .73 1 9 8 6 E + 0 2  
0 .95 0 5 7 8 E + 0 2  
0 .9 43729E + 02  
0 . 735020E+02 
0 . 728496E+02 
0 .6 23203E + 02  
0 .622486E + 02  
0 .83 8 5 5 2 E + 0 2  
0 .8 3 7 7 1 9E+02 
0 .5 1 6 8 2 5 E+02 
0 . 731986E+02 
0 .8 3 8552E + 02  
0 .8 37719E + 02  
0 . 1 1 5752E+03 
0 . 104974E+03 
0 . 107186E+03 
0 . 115649E+03 
0 . 9 3 5 8 5 1 E+02 
0 .8 3 4507E + 02  
0 .8 5 6180E + 02  
0 .9 3 3794E + 02  
0 .7 3 5020E + 02  
0 .7 2 8496E + 02  
0 .9 5 0578E + 02  
0 .9 4 3729E + 02  
0 .6 2 3203E + 02  
0 .6 2 2486E + 02  
0 .8 3 8552E + 02  
0 .8 3 7719E + 02  
0 .9 5 0578E + 02
- 0 . 580079E+02 - 0 . 138828E+03 
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
-0 .2 4 8 8 7 7 E + 0 2  0 .880713E+ 02
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e ,
- 0 . 131050E+02 0 .4 5 1 0 5 7E+02
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
- 0 . 185858E+02 -0 .3 6 5 5 7 9 E + 0 2
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
-0 .1 9 5 0 6 5 E + 0 2  0 .713755E+ 02
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
0 . 160158E+01 - 0 .5 6 6 7 5 9E+01 
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
- 0 . 131050E+02 0 .451057E + 02
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
-0 .8 5 5 7 9 2 E + 0 0  - 0 . 132355E+00
- 0 . 1 5 1 193E-01 0 .344035E+ 00
- 0 .3 6 0 2 6 2 E -0 1  0 .746516E + 00
0 .6 6 5 1 3 3 E -0 1  0 .1 1 3 2 8 6 E -0 1
- 0 .2 4 8 8 2 0 E -0 1  0 . 4 6 8 6 1 7E+00
A r r i v a l  t o o  l a t e .
0 .4 3 6 4 2 0 E -0 1  0 .8 2 1 0 9 3 E -0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
0 . 171236E+00 0 .2 9 1 6 5 2 E -0 1
0 .3 6 0 6 6 0 E - 0 2  -0 .7 4 7 3 4 0 E -0 1
- 0 .5 5 2 4 8 4 E - 0 2  0 .9 5 2 6 9 9 E -0 1
A r r i v a l  t o o  l a t e .  
0 .5 9 5 3 5 7 E - 0 2  0 .1 2 2 9 7 2 E -0 2
0 .3 0 7 2 5 8 E -0 1  0 .6 3 4 6 4 5 E -0 2
- 0 . 509684E-01  - 0 .9 5 8 9 3 3 E - 0 2  
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 . 1 2 9 546E -02  0 .2 4 3 9 8 1 E -0 1
A r r i v a l  t o o  l a t e .
0 . 171236E+00 0 .2 9 1 6 5 2 E -0 1
0 .3 6 0 6 6 0 E - 0 2  -0 .7 4 7 3 4 0 E -0 1
- 0 .3 5 6 8 5 2 E - 0 2  0 .6 7 2 0 7 8 E -0 1
A r r i v a l  t o o  l a t e .
0 . 3 3 1 149E+00 -0 .241070E +01
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
O n ly  1 s t  a n d  2nd t r e a t e d .
- 0 . 123695E+01 -0 .6 5 2 2 7 0 E + 0 0
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
O n ly  1 s t  a n d  2nd t r e a t e d .  
- 0 .5 9 5 3 5 7 E - 0 2  - 0 . 122972E-02
- 0 . 4 2 6 5 1 0E-01 -0 .8 8 0 9 6 2 E - 0 2
- 0 . 181989E -03  0 .3 1 3 8 2 0 E -0 2
A r r i v a l  t o o  l a t e .  
- 0 .4 3 6 4 2 1 E - 0 1  - 0 .8 2 1 0 9 3 E - 0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 .1 0 1 2 5 8 E - 0 2  0 . 190705E-01
A r r i v a l  t o o  l a t e .  


























































































































0 .9 4 3 7 2 9 E + 0 2  
0 .5 1 6 8 2 5 E + 0 2  
0 .7 3 1 9 8 6 E + 0 2  
0 .8 3 8 5 5 2 E + 0 2  
0 .8 3 7 7 1 9 E + 0 2  
0 .9 5 0 5 7 8 E + 0 2  
0 .9 4 3 7 2 9 E + 0 2  
0 .5 3 2 9 9 2 E + 0 2  
0 .5 3 1 2 9 7 E + 0 2  
0 .7 4 8 3 9 2 E + 0 2  
0 .7 4 6 5 3 1 E+02 
0 .9 6 3 7 9 9 E + 0 2  
0 . 9 6 1 764E+02 
0 . 748392E+02 
0 . 7 4 6 5 3 1 E+02 
0 . 1 17921E+03 
0 . 1 17700E+03 
0 .9 6 3 7 9 9 E + 0 2  
0 . 9 6 1 764E+02 
0 . 748392E+02 
0 . 7 4 6 5 3 1 E+02 
0 .9 6 3 7 9 9 E + 0 2  
0 .96 1 7 6 4 E + 0 2  
0 . 129299E+03 
0 . 1 2 8 3 0 1E+03 
0 . 107740E+03 
0 . 106777E+03 
0 .8 6 1 8 0 9 E + 0 2  
0 .8 5 2 5 4 1 E + 0 2  
0 . 107740E+03 
0 . 106777E+03 
0 .6 4 6 2 2 3 E + 0 2  
0 .8 6 1 8 0 9 E + 0 2  
0 .85 2 5 4 1 E + 0 2  
0 . 107740E+03 
0 .1 0 6 7 7 7 E + 0 3  
0 . 1 5 8 8 2 1E+03 
0 . 138902E+03 
0 . 141525E+03 
0 . 1 5 7 0 1 0E+03 
0 . 136170E+03 
0 . 1 17378E+03 
0 . 1 19957E+03 
0 . 134740E+03 
0 . 1 13561E+03 
0 .9 5 8 5 5 1 E+02 
0 . 9 8 3 8 8 1 E+02 
0 . 1 1 2 4 7 1 E+03 
0 . 136170E+03 
0 . 1 17378E+03 
0 . 1 19957E+03 
0 . 134740E+03 
0 .9 09963E + 02  
0 .7 4 3 3 1 8E+02 
0 .7 6 8 1 9 6 E + 0 2  
0 .90 2 0 2 0 E + 0 2  
0 .1 1 3 5 6 1 E+03 
0 .9 5 8 5 5 1 E + 0 2  
0 .9 8 3 8 8 1 E+02 
0 . 1 1 2 4 7 1 E+03
A r r i v a l  t o o  l a t e .  
-0 .6 6 5 1 3 3 E - 0 1  - 0 . 1 13286E-01
- 0 . 140239E -02  0 .2 9 0 5 9 5 E -0 1
0 . 143362E -02  -0 .2 7 0 0 0 1 E -0 1
A r r i v a l  t o o  l a t e .  
- 0 .4 9 6 1 7 0 E - 0 3  0 .8 5 5 5 9 3 E -0 2
A r r i v a l  t o o  l a t e .
0 .224236E+01 0 .432379E+ 00
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .
0 .5 4 6 5 9 3 E - 0 2  - 0 . 100595E+00
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 .3 6 2 6 5 5 E - 0 2  0 .6 6 5 5 1 9 E -0 1
A r r i v a l  t o o  l a t e .
0 .6 1 8 0 9 7 E - 0 2  0 .1 1 9 5 4 9 E -0 2
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 .7 4 5 2 1 7 E - 0 3  0 .1 3 6 3 7 7 E -0 1
A r r i v a l  t o o  l a t e .  
0 .7 1 6 9 0 3 E - 0 2  0 .1 3 9 0 7 2 E -0 2
A r r i v a l  t o o  
0 . 2 2 7054E -0  
A r r i v a l  t o o  c 
0 . 8 5 6 9 1 6E -04  
A r r i v a l  t o o  
- 0 . 774940E -0  
A r r i v a l  t o o  
0 .4 4 4 2 0 4 E - 0  
A r r i v a l  t o o  
0 . 124121E+00 
A r r i v a l  t o o  
0 .6 1 5 7 0 8 E - 0 3  
A r r i v a l  t o o  
- 0 . 106048E+00 
- 0 .5 2 5 6 8 5 E - 0 3  
A r r i v a l  t o o  
0 . 1Q0916E-02 
A r r i v a l  t o o  
- 0 . 5 7 7 0 6 7E+0 
A r r i v a l  t o o  
A r r i v a l  t o o  
O n l y  1 s t  a n d  
0 .2 4 4 9 5 5 E + 0 2  
A r r i v a l  to o  
A r r i v a l  t o o  
O n l y  1 s t  a n d  
0 .1 9 9 7 3 8 E + 0  
A r r i v a l  t o o  
A r r i v a l  t o o  
O n l y  1 s t  a n d  
0 .2 9 9 4 2 7 E + 0  
A r r i v a l  t o o  
A r r i v a l  t o o  
O n l y  1 s t  a n d  
- 0 . 136285E+02 
0 . 162012E+0 
A r r i v a l  t o o  
O n l y  1 s t  a n d  
- 0 . 185762E+02 
A r r i v a l  t o o  
A r r i v a l  t o o
a t e .
0 .4 3 9 1 5 6 E -0 2  
l o s e  t o  r e f l e c t .
- 0 . 157255E-02 
a t e .
0 . 131980E+01 
a t e .
0 .9 3 0 0 2 4 E - 0 2
a t e .
0 .2 5 9 5 5 5 E -0 1  
a t e .
0 . 104979E-01 
a t e .
-0 .2 2 1 4 7 9 E -0 1  
0 . 8 9 7 3 4 7 E -02 
a t e .
- 0 . 172Q63E-01 
a t e .
0 .3 3 4 8 8 5 E + 0 2
a t e .
a t e .
2nd t r e a t e d .
0 . 1 7 7 0 8 1 E+02 
a t e .  
a t e .
2nd t r e a t e d .
0 . 140971E+01 
a t e .  
a t e .
2nd t r e a t e d .
-0 .1 7 6 3 5 8 E + 0 2
a t e .
a t e .
2nd t r e a t e d .  
-0 .937416E + 01  
0 . 1 1 1437E+01 
a t e .
2nd t r e a t e d .
0 . 1 1 1213E+03 
a t e .  
a t e .





























































T 3 8 2 2 143
93 0 . 1 3 6 1 70E+03 0.583612E+01 -0 .3 4 3 7 3 9 E + 0 2 - 1 1 P1S2S2P1S1S1
93 0 . 1 17378E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S2S2P1S1S1
93 0 . 1 1 9 9 5 7E+03 A r r i v a l  t o o  l a t e . - 1 1 H2P1S2S2P1S1S1
93 0 . 134740E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2P1S1S1
94 0 .64 6 2 2 3 E + 0 2 0 . 106048E+00 0 .2 2 1 4 7 9 E -0 1 - 1 1 P1S2P2P1P1P1
95 0 .861809E+02 0 . 525686E -03 - 0 .8 9 7 3 4 7 E -02 - 1 1 P1S2P2P1P1S1
95 0 .8 5 2 5 4 1 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1S2P2P1P1S1
96 0 . 107740E+03 - 0 . 100916E-02 0 . 172063E-01 -1 1 P1S2P2P1S1S1
96 0 . 106777E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S2P2P1S1S1
97 0 . 129299E+03 -0 .2 2 9 4 5 2 E - 0 2 0 .3 9 0 7 7 9 E -0 1 -1 1 P1S2P2S1S1S1
97 0 .1 2 8 3 0 1 E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S2P2S1S1S1
98 0 .4 9 2 0 0 0 E + 0 2 -0 .689860E + 01 -0 .6 0 6 7 7 2 E + 0 0 - 1 1 P1P2P3P3P2P1
99 0 .70 6 5 2 3 E + 0 2 -0 .3 6 5 8 6 5 E -0 1 0 . 145398E+01 - 1 1 P1P2P3P3P2S1
100 0 .80 1 5 5 9 E + 0 2 - 0 . 167147E-Q1 0.626224E+ 00 - 1 1 P1P2P3P3S2S1
101 0 . 587007E+02 0 .3 9 6 5 8 1 E -0 1 0 .3 7 0 1 3 4 E -0 2 -1 1 P1P2P3P3S2P1
102 0 . 1 0 0 1 12E+03 -0 .3 5 5 3 2 9 E + 0 0 0.104221E+ 02 -1 1 P1P2P3S3S2S1
103 0 .7 8 6 3 9 6 E + 0 2 0 .8 0 5 1 0 8 E + 0 0 0 .9 6 1 8 6 7E-01 -1 1 P1P2P3S3S2P1
104 0 .6 8 9 4 5 3 E + 0 2 0 . 2 9 0 7 1 OE+00 0 .3 2 3 1 2 3 E -0 1 -1 1 P1P2P3S3P2P1
105 0 . 9 0 4 1 16E+02 0 .2 5 1 3 6 1 E - 0 2 - 0 . 7 9 1 704E-01 -1 1 P1P2P3S3P2S1
106 0 . 121928E+03 0 .5 9 7 0 9 5 E -0 1 - 0 . 1 14627E+01 -1 1 P1P2S3S3S2S1
106 0 . 121904E+03 A r r i v a l  t o o  l a t e . - 1 1 H1P1P2S3S3S2S1
107 0 . 100398E+03 -0 .8 6 0 6 0 8 E -0 1 - 0 . 158336E-01 -1 1 P1P2S3S3S2P1
107 0 .1 0 0 3 8 1 E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P2S3S3S2P1
108 0 .8 9 9 2 3 4 E + 0 2 -0 .3 6 5 2 9 1 E -0 1 -0 .5 8 5 8 2 2 E - 0 2 -1 1 P1P2S3S3P2P1
109 0 . 1 1 1430E+03 - 0 .6 5 9 8 2 2 E - 0 3 0 . 144719E-01 -1 1 P1P2S3S3P2S1
110 0 .68 9 4 5 3 E + 0 2 - 0 . 2 9 0 7 1 0E+00 -0 .3 2 3 1 2 4 E -0 1 -1 1 P1P2S3P3P2P1
111 0 . 9 0 4 1 16E+02 - 0 .2 5 1 3 6 1 E - 0 2 0 .7 9 1 7 0 4 E -0 1 - 1 1 P1P2S3P3P2S1
112 0 . 1 0 0 1 12E+03 - 0 . 132193E-02 0 .3 8 7 7 3 3 E -0 1 -1 1 P1P2S3P3S2S1
113 0 . 133722E+03 0 .407788E + 00 -0 .564217E +01 -1 1 P1S2S3S3S2S1
113 0 . 1 3 3 3 8 1 E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S2S3S3S2S1
113 0 . 133644E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S2S3S3S2S1
114 0 . 1 1 2097E+03 - 0 .7 3 6 4 5 5 E - 0 2 -0 .1 8 9 0 8 0 E - 0 2 -1 1 P1S2S3S3S2P1
114 0 . 1 1 1813E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S2S3S3S2P1
114 0 . 1 12046E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S2S3S3S2P1
115 0 . 100398E+03 -0 .8 6 0 6 0 7 E -0 1 - 0 . 158336E-01 -1 1 P1S2S3S3P2P1
115 0 .1 0 0 3 8 1 E+03 A r r i v a l  t o o  l a t e . - 1 1 H1P1S2S3S3P2P1
116 0 . 121928E+03 - 0 .2 4 3 3 8 5 E - 0 2 0 .4 6 7 2 3 5 E -0 1 -1 1 P1S2S3S3P2S1
116 0 . 121904E+03 A r r i v a l  t o o  l a t e . - 1 1 H1P1S2S3S3P2S1
117 0 .7 8 6 3 9 6 E + 0 2 -0 .8 0 5 1 0 8 E + 0 0 -0 .9 6 1 8 6 8 E -0 1 -1 1 P1S2S3P3P2P1
118 0 . 1 0 0 1 12E+03 - 0 .8 0 6 9 4 3 E - 0 2 0 .236683E+ 00 -1 1 P1S2S3P3P2S1
119 0 . 109898E+03 - 0 .4 1 9 7 3 8 E - 0 2 0 . 1 14567E+00 -1 1 P1S2S3P3S2S1
120 0 .5 8 7 0 0 7 E + 0 2 0 .3 9 6 5 8 2 E -0 1 0 .3 7 0 1 3 4 E -0 2 -1 1 P1S2P3P3P2P1
121 0 .8 0 1 5 5 9 E + 0 2 0 .2 3 9 6 5 9 E - 0 3 -0 .8 9 7 8 9 6 E - 0 2 -1 1 P1S2P3P3P2S1
122 0 .8 9 6 9 8 9 E + 0 2 0 . 123666E-03 - 0 .4 3 5 9 3 3 E - 0 2 -1 1 P1S2P3P3S2S1
123 0 . 109898E+03 0 .4 1 9 7 3 8 E -0 2 - 0 . 1 14567E+00 -1 1 P1S2P3S3S2S1
RECEIVER # 12 IN LAYER # 1 , RECEIVER POSI : R= 4 1 .0 0 0 0  HR= 0 .0 0 0 0
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 . 1 17144E+03 0 .23 1 0 7 3 E + 0 0 0 .632387E+ 02  1 1 P1
2 0 . 1 18329E+03 -0 .2 7 8 4 1 4 E + 0 2 - 0 . 195127E+03 -1 1 P1P1
2 0 . 4 1 1824E+02 0 . 121802E+01 0 .853648E+01 -1 1 P1H1P1
2 0 .91 2 0 7 6 E + 0 2 A r r i v a l  t o o  l a t e .  -1 1 P1H2P1
3 0 . 146181E+03 0 .22 2 6 9 4 E + 0 2 -0 .7 4 8 9 8 8 E + 0 2  -1 1 P1S1
3 0 .6 2 7 5 0 9 E + 0 2 O.OOOOOOE+OO O.OOOOOOE+OO -1 1 P1H1S1
3 0 . 1 14308E+03 A r r i v a l  t o o  l a t e .  -1 1 P1H2S1
4 0 . 121938E+03 - 0 . 172628E+02 -0 .5 9 7 2 7 7 E + 0 2  -1 1 P1P1P1P1






























































0 . 1 03886E+03 A r r i v a l  t o o  l a t e . -1 1 P1H2P1P1P1
0 . 148648E+03 -0 .3 8 2 9 7 4 E + 0 2  0 . 1 3 1 8 1 1E+03 -1 1 P1P1P1S1
0 . 795036E+02 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1S1
0 . 1 26987E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1S1
0 .1 7 5 8 8 1 E+03 - 0 . 103641E+01 0.351806E+01 -1 1 P1P1S1S1
0 . 101072E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P1S1S1
0 .15 0 0 8 8 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1P1S1S1
0 . 148648E+03 - 0 . 1 10052E+02 -0 .4 9 9 0 0 6 E + 0 2 -1 1 P1P1S1P1
0 .7 9 5 0 3 6 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P1S1P1
0 . 1 26987E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1S1P1
0 .20 3 6 9 4 E + 0 3 -0 .2 3 6 8 0 7 E + 0 2  0 .796662E+ 02 -1 1 P1S1S1S1
0 .1 2 2 6 4 1 E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S1S1S1
0 .17 3 1 8 9 E + 0 3 A r r i v a l  t o o  l a t e . -1 1 H2P1S1S1S1
0 . 1 75881E+03 0 .383563E+01 0 .257232E+ 02 -1 1 P1S1S1P1
0 . 101072E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S1S1P1
0 . 1 50088E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S1S1P1
0 . 148648E+03 - 0 . 1 10052E+02 -0 .4 9 9 0 0 6 E + 0 2 -1 1 P1S1P1P1
0 .79 5 0 3 6 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1 PI SI PI PI
0 . 1 26987E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S1P1P1
0 . 1 7 5 8 8 1 E+03 0 . 148524E+01 -0 .504160E +01 -1 1 P1S1P1S1
0 . 101072E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1S1P1S1
0 . 150088E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1S1P1S1
0 .4 2 6 3 2 3 E + 0 2 - 0 . 3 1 1 195E+01 -0 .6 3 5 5 7 3 E + 0 0 -1 1 P1P2P2P1
0 .4 1 7 5 1 4 E + 0 2 0 .5 8 7 8 3 1 E+01 0 .120056E+01 -1 1 P1P2H1P2P1
0 .6 4 1 8 5 3 E + 0 2 -0 .9 7 0 4 6 2 E - 0 1  0 .169260E+01 -1 1 P1P2P2S1
0 . 6 3 2 7 4 7E+02 0 . 153172E+00 -0 .267150E +01 -1 1 P1P2H1P2S1
0 . 759149E+02 0 .5 3 2 8 4 1 E -0 1  -0 .8 9 2 4 4 4 E + 0 0 -1 1 P1P2S2S1
0 .54 3 5 1 2 E + 0 2 -0 .3 6 4 4 0 9 E -0 1  - 0 . 776922E-02 -1 1 P1P2S2P1
0 . 1 1 9 1 13E+03 0 .610554E+01 -0 .3 3 2 6 6 0 E + 0 2 -1 1 P1S2S2S1
0 .8 4 4 7 6 8 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1S2S2S1
0 .8 8 3 0 2 0 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H2P1S2S2S1
0 . 1 13339E+03 O n ly  1 s t  and  2nd  t r e a t e d . -1 1 H3P1S2S2S1
0 .9 6 2 6 0 0 E + 0 2 -0 .4 4 4 5 2 6 E + 0 2  -0 .3 5 8 6 7 0 E + 0 2 -1 1 P1S2S2P1
0 .6 2 9 5 3 5 E + 0 2 0 . 4 3 4 3 1 1E+01 0 .350428E+01 -1 1 P1S2H1S2P1
0.66 7 3 3 5 E + 0 2 -0 .8 6 1 3 5 9 E + 0 0  -0 .6 9 4 9 9 6 E + 0 0 -1 1 P1H2S2S2P1
0 . 9 1 0 7 0 1 E+02 O nly  1 s t  an d  2nd  t r e a t e d . -1 1 P1H3S2S2P1
0 .5 4 3 5 1 2 E + 0 2 0 .3 6 4 4 0 9 E -0 1  0 .7 7 6 9 2 2 E -0 2 -1 1 P1S2P2P1
0 .75 9 1 4 9 E + 0 2 0 . 120163E -02  - 0 . 201258E-01 -1 1 P1S2P2S1
0 . 127763E+03 0.607881E+01 0 . 139625E+02 - 1 1 P1P1P1P1P1P1
0 . 746879E+02 - 0 . 4 1 1596E+00 -0 .9 4 5 4 0 1 E + 0 0 -1 1 P1H1P1P1P1P1P1
0 . 1 16564E+03 A r r i v a l  t o o  l a t e . -1 1 P1H2P1P1P1P1P1
0 . 153490E+03 - 0 . 1 15148E+02 0 .413965E+ 02 -1 1 P1P1P1P1P1S1
0 .9 6 2 5 6 4 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1P1P1S1
0 . 1 3 9 6 6 5 E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1P1P1S1
0 . 1 7 9 6 4 1 E+03 0 .531080E+01 - 0 . 186742E+02 -1 1 P1P1P1P1S1S1
0 . 1 17825E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1P1S1S1
0 . 162766E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1P1S1S1
0 . 153490E+03 -0 .533345E + 01  - 0 . 144256E+02 -1 1 P1P1P1P1S1P1
0 .96 2 5 6 4 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1P1S1P1
0 . 139665E+03 A r r i v a l  t o o  l a t e . 1 H2P1P1P1P1S1P1
0 . 2 0 6 2 7 1 E+03 0 .915082E+01 -0 .3 1 5 6 8 3 E + 0 2 -1 1 P1P1P1S1S1S1
0 . 139393E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1S1S1S1
0 . 185867E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1S1S1S1
0 .1 7 9 6 4 1 E+03 -0 .3 3 9 4 9 6 E + 0 2  - 0 . 1 12574E+03 -1 1 P1P1P1S1S1P1
0 . 1 17825E+03 A r r i v a l  t o o  l a t e . -1 1 H1P1P1P1S1S1P1
0 . 162766E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1S1S1P1
0 . 153490E+03 -0 .53 3 3 4 5 E + 0 1  -0 .1 4 4 2 5 6 E + 0 2 -1 1 P1P1P1S1P1P1
0 .96 2 5 6 4 E + 0 2 A r r i v a l  t o o  l a t e . - 1 1 H1P1P1P1S1P1P1
0 . 139665E+03 A r r i v a l  t o o  l a t e . -1 1 H2P1P1P1S1P1P1






























































0 . 1 1 7 8 2 5 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H1P P p s p S1
0 . 1 6 2 7 6 6 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P P p s p S1
0 . 2 3 3 4 3 8 E + 0 3 0 . 4 8 8 3 2 5 E + 0 - 0 . 1 6 5 9 4 9 E + 0 2 -1 1 P1P S s s s
0 . 1 6 0 9 6 2 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P P s s s S1
0 . 2 0 8 9 6 8 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P P s s s S1
0 . 2 0 6 2 7 1 E +03 0 . 2 7 4 3 7 6 E + 0 0 . 1 1 9 0 2 3 E + 0 2 -1 1 P1P S s s p
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P P s s s P1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P P s s s P1
0 . 1 7 9 6 4 1 E +03 0 . 2 0 4 9 5 9 E + 0 0 . 6 7 9 6 2 5 E+01 -1 1 P1P S s p p
0 . 1 1 7 8 2 5 E +03 A r r i v a l  t o o a t e . -1 1 HIP P s s p P1
0 . 1 6 2 7 6 6 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P P s s p P1
0 . 2 0 6 2 7 1 E +03 0 . 1 0 3 4 4 9 E + 0 - 0 . 3 5 6 8 7 5 E+01 - 1 1 P1P S s p s
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1 P P s s p S1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P P s s p S1
0 . 1 5 3 4 9 0 E + 0 3 - 0 . 5 3 3 3 4 5 E + 0 - 0 . 1 4 4 2 5 6 E + 0 2 -1 1 P1P s p p p
0 . 9 6 2 5 6 4 E + 0 2 A r r i v a l  t o o a t e . -1 1 H1P p s p p P1
0 . 1 3 9 6 6 5 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P p s p p P1
0 . 1 7 9 6 4 1 E +03 - 0 . 1 2 3 5 5 6 E + 0 0 . 4 3 4 4 5 4 E + 0 2 -1 1 P1P s p p s
0 . 1 1 7 8 2 5 E +03 A r r i v a l  t o o a t e . -1 1 H1P p s p p S1
0 . 1 6 2 7 6 6 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P p s p p S1
0 . 2 0 6 2 7 1 E+03 0 . 1 0 3 4 4 8 E + 0 - 0 . 3 5 6 8 7 5 E + 0 1 -1 1 P1P s p s s
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H1 P p s p s S1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P p s p s S1
0 . 2 6 1 2 0 7 E + 0 3 - 0 . 2 7 6 3 4 3 E + 0 0 . 9 2 9 9 4 6 E + 0 1 - 1 1 P1S s s s s
0 . 1 8 2 5 3 0 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s s s s S1
0 . 2 3 2 0 6 9 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s s s s S1
0 . 2 3 3 4 3 8 E + 0 3 - 0 . 1 9 0 6 7 3 E + 0 - 0 . 1 2 2 1 2 4 E + 0 3 -1 1 P1S s s s p
0 . 1 6 0 9 6 2 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H1P s s s s P1
0 . 2 0 8 9 6 8 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s s s s P1
0 . 2 0 6 2 7 1 E +03 0 . 2 7 4 3 7 6 E + 0 0 . 1 1 9 0 2 3 E + 0 2 -1 1 P1S s s p p
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H1P s s s p P1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P s s s p P1
0 . 2 3 3 4 3 8 E + 0 3 - 0 . 7 3 7 0 8 3 E + 0 0 . 2 5 0 4 8 5 E + 0 2 -1 1 P1S s s p s
0 . 1 6 0 9 6 2 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H1P s s s p S1
0 . 2 0 8 9 6 8 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s s s p S1
0 . 1 7 9 6 4 1 E + 03 - 0 . 3 3 9 4 9 6 E + 0 - 0 . 1 1 2 5 7 4 E + 0 3 - 1 1 P1S s p p p
0 . 1 1 7 8 2 5 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s s p p P1
0 . 1 6 2 7 6 6 E + 0 3 A r r i v a l  t o o a t e . - 1 1 H2P s s p p P1
0 . 2 0 6 2 7 1 E + 03 - 0 . 1 9 7 5 5 7E +0 0 . 6 8 1 5 2 8 E + 0 2 -1 1 P1S s p p s
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s s p p S1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s s p p S1
0 . 2 3 3 4 3 8 E + 0 3 - 0 . 7 3 7 0 8 3 E + 0 0 . 2 5 0 4 8 5 E + 0 2 -1 1 P1S s p s s
0 . 1 6 0 9 6 2 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s s p s S1
0 . 2 0 8 9 6 8 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s s p s S1
0 . 1 5 3 4 9 0 E + 0 3 - 0 . 5 3 3 3 4 5 E + 0 - 0 . 1 4 4 2 5 6 E + 0 2 -1 1 P1S p p p p
0 . 9 6 2 5 6 4 E + 0 2 A r r i v a l  t o o a t e . -1 1 H1P s p p p P1
0 . 1 3 9 6 6 5 E + 03 A r r i v a l  t o o a t e . -1 1 H2P s p p p PI
0 . 1 7 9 6 4 1 E + 03 - 0 . 1 2 3 5 5 6 E + 0 0 . 4 3 4 4 5 4 E + 0 2 -1 1 P1S p p p s
0 . 1 1 7 8 2 5 E + 03 A r r i v a l  t o o a t e . -1 1 H1P s p p p S1
0 . 1 6 2 7 6 6 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s p p p S1
0 . 2 0 6 2 7 1 E + 03 0 . 1 0 3 4 4 9 E + 0 - 0 . 3 5 6 8 7 5 E+01 -1 1 P1S p p s s
0 . 1 3 9 3 9 3 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s p p s S1
0 . 1 8 5 8 6 7 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s p p s S1
0 . 2 3 3 4 3 8 E + 0 3 - 0 . 7 3 7 0 8 3 E + 0 0 . 2 5 0 4 8 5 E + 0 2 -1 1 P1S p s s s
0 . 1 6 0 9 6 2 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P s p s s S1
0 . 2 0 8 9 6 8 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P s p s s S1
0 . 4 6 5 4 8 1 E + 02 - 0 . 4 2 9 5 9 4 E + 0 - 0 . 7 5 7 8 6 1 E +00 - 1 1 P 1 P 2 P 2 P 2 P 2 P
0 . 6 8 0 7 0 4 E + 0 2 - 0 . 1 1 6 1 9 7 E + 0 0  0 . 2 3 3 0 8 4 E + 0 1 -1 1 P 1 P 2 P 2 P 2 P 2 S
0 . 7 8 8 0 2 9 E + 0 2 - 0 . 1 0 2 1 6 9 E + 0 0  0 . 1 9 1 9 9 8 E + 0 1 -1 1 P 1 P 2 P 2 P 2 S 2 S
0 . 7 8 6 7 0 9 E + 0 2 A r r i v a l  t o o  l a t e . -1 1 H 1P 1 P 2 P 2 P 2 S 2 S 1






















































































, 1 10474E+03 


































0 . 159303E+QQ 0
A r r i v a l  t o o  c l o s e  
0 .6 8 8 3 0 9 E -0 2  -0
A r r i v a l  t o o  l a t e .  
- 0 .8 1 5 5 0 0 E - 0 2  -0
0 .9 3 2 7 2 1 E -0 1  0
0 .3 9 6 5 8 4 E + 0 0  0
A r r i v a l  t o o  c l o s e  
0 . 103308E-01 -0
A r r i v a l  t o o  l a t e .  
- 0 .2 3 1 5 5 8 E - 0 2  0
A r r i v a l  t o o  l a t e .
0 . 1 783 5 3 E -0 2  0
A r r i v a l  t o o  l a t e .  
0 .6 9 8 3 0 4 E - 0 2  0
0 .7 7 5 2 3 3 E -0 1  0
0 .2 4 5 5 8 6 E - 0 3  -0
A r r i v a l  t o o  l a t e .
0 .3 9 6 5 8 4 E + 0 0  0
A r r i v a l  t o o  c l o s e  
0 . 103308E-01 -0
A r r i v a l  t o o  l a t e .
0 .6 7 3 6 7 2 E -0 3  -0
A r r i v a l  t o o  l a t e .
0.180181E+01 -0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
O n ly  1 s t  and  2nd 
-0 .1 2 7 1 9 3 E + 0 2  -0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
O n ly  1 s t  a n d  2nd 
- 0 . 178353E-02  -0
A r r i v a l  t o o  l a t e .  
- 0 . 5 7 8 9 9 7 E -04 0
A r r i v a l  t o o  l a t e .  
0 .8 1 5 5 0 0 E - 0 2  0
- 0 . 1 2 1 164E+00 -0
0 .2 5 5 5 0 9 E -0 3  -0
A r r i v a l  t o o  l a t e .  
- 0 . 155940E-03  0
A r r i v a l  t o o  l a t e .  
- 0 . 159303E+00 -0
A r r i v a l  t o o  c l o s e  
- 0 .4 1 5 4 8 9 E - 0 2  0
A r r i v a l  t o o  l a t e .  
- 0 .2 8 2 6 8 3 E - 0 3  0
A r r i v a l  t o o  l a t e .  
- 0 . 155940E-03  0
A r r i v a l  t o o  l a t e .  
-0 .51 4 8 7 8 E + 0 1  -0
0 . 109702E+02 0
- 0 . 163614E-01 0
A r r i v a l  t o o  l a t e .
0 .2 6 7 6 3 8 E -0 1  -0
A r r i v a l  t o o  l a t e .  
- 0 . 184804E-01 -0
A r r i v a l  t o o  l a t e .
0 .6 3 2 0 0 7 E -0 1  -0
A r r i v a l  t o o  l a t e .
300776E-01 
t o  r e f l e c t .  
1121683E+00
, 164169E-02  
, 187767E-01 
748779E-01 
t o  r e f l e c t .  
, 194138E+00
389681E-01









t r e a t e d .
.812024E+01
t r e a t e d .
.3 7 8 3 0 1 E -0 3
.9 7 4 3 7 3 E -0 3
. 164169E-02  
.2 43916E -01  
.4 5 1 7 0 0 E -0 2
.2 6 2 4 2 7 E -0 2
.3 0 0 7 7 6 E -0 1  
t o  r e f l e c t .  
.780 7 9 9 E -0 1
.4 9 9 7 3 9 E -0 2
































































































































0 . 102534E+03 - 0 .4 3 3 4 2 7 E - 0 - 0 .8 8 4 3 3 1 E-02 - 1 1 P1P2P2S1S1P1
0 . 1 01676E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2P2S1S1P1
0 .8 0 9 8 1 8E+02 - 0 .9 0 4 5 2 1 E - 0 - 0 . 184309E-01 -1 1 P1P2P2S1P1P1
0 .8 0 1 5 3 1 E+02 A r r i v a l  t o o a t e . -1 1 H1P1P2P2S1P1P1
0 . 102534E+03 - 0 .5 7 1 4 4 7E-03 0 .9 9 8 8 3 1 E -0 2 -1 1 P1P2P2S1P1S1
0 . 101676E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2P2S1P1S1
0 . 135808E+03 - 0 .3 4 7 8 9 6 E - 0 0 . 5 8 2 8 6 7E+00 -1 1 P1P2S2S1S1S1
0 .1 3 3 8 0 1 E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2S2S1S1S1
0 . 1 14245E+03 0 . 149520E-0 0 .3 1 8 6 6 9 E -0 2 -1 1 P1P2S2S1S1P1
0 . 1 12277E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2S2S1S1P1
0 .9 2 6 8 1 1 E+02 0 .5 8 0 0 7 0 E - 0 0 . 123573E-01 -1 1 P1P2S2S1P1P1
0 .9 0 7 5 4 1 E+02 A r r i v a l  t o o a t e . -1 1 H1P1P2S2S1P1P1
0 . 1 14245E+03 0 . 2 1 4 5 1 1E -03 - 0 .3 5 9 5 4 4 E - 0 2 -1 1 P1P2S2S1P1S1
0 . 1 12277E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2S2S1P1S1
0 . 7 1 1 1 77E+02 - 0 .3 6 2 5 3 5 E - 0 -0 .7 7 1 9 5 2 E - 0 2 - 1 1 P1P2S2P1P1P1
0 .9 2 6 8 1 1 E+02 - 0 . 133995E-03 0 .2 2 4 6 8 8 E -0 2 -1 1 P1P2S2P1P1S1
0 .9 0 7 5 4 1 E + 0 2 A r r i v a l  t o o a t e . -1 1 H1P1P2S2P1P1S1
0 . 1 14245E+03 0 .3 4 4 4 5 2 E - 03 -0 .5 7 7 3 4 0 E - 0 2 -1 1 P1P2S2P1S1S1
0 . 1 12277E+03 A r r i v a l  t o o a t e . -1 1 H1P1P2S2P1S1S1
0 .1 7 8 1 3 1 E+03 - 0 . 187864E+0 0 . 102730E+02 -1 1 P1S2S2S1S1S1
0 . 144402E+03 A r r i v a l  t o o a t e . - 1 1 H1P1S2S2S1S1S1
0 .1 4 8 1 9 2 E + 0 3 A r r i v a l  t o o a t e . -1 1 H2P1S2S2S1S1S1
0 . 172724E+03 O nly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2S1S1S1
0 . 155290E+03 0 . 138084E+02 0 . 1 10694E+02 -1 1 P1S2S2S1S1P1
0 .1 2 2 8 7 8 E + 0 3 A r r i v a l  t o o a t e . -1 1 H1P1S2S2S1S1P1
0 . 126623E+03 A r r i v a l  t o o a t e . -1 1 H2P1S2S2S1S1P1
0 . 150455E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2S1S1P1
0 . 132473E+03 0 . 1 10233E+0 0 .873100E + 00 -1 1 P1S2S2S1P1P1
0 . 101355E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2S2S1P1P1
0 . 1Q5055E+03 A r r i v a l  t o o a t e . -1 1 H2P1S2S2S1P1P1
0 . 128185E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2S1P1P1
0 . 155290E+03 0 . 194655E+0 - 0 . 107171E+02 -1 1 P1S2S2S1P1S1
0 . 122878E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2S2S1P1S1
0 . 126623E+03 A r r i v a l  t o o a t e . -1 1 H2P1S2S2S1P1S1
0 . 150455E+03 O nly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2S1P1S1
0 .1 0 9 6 8 1 E+03 -0 .5 7 3 9 9 3 E + 0 -0 .448642E + 01 -1 1 P1S2S2P1P1P1
0 .7 98318E + 02 A r r i v a l  t o o a t e . - 1 1 H1P1S2S2P1P1P1
0 .83 4 8 6 3 E + 0 2 A r r i v a l  t o o a t e . -1 1 H2P1S2S2P1P1P1
0 . 105916E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2P1P1P1
0 . 132473E+03 - 0 . 1 20307E+0 0 .6 6 7423E + 02 -1 1 P1S2S2P1P1S1
0 . 101355E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2S2P1P1S1
0 . 105055E+03 A r r i v a l  t o o a t e . -1 1 H2P1S2S2P1P1S1
0 . 128185E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2P1P1S1
0 . 155290E+03 0 .310998E + 0 -0 .1 7 1 2 2 5 E + 0 2 -1 1 P1S2S2P1S1S1
0 . 122878E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2S2P1S1S1
0 . 126623E+03 A r r i v a l  t o o a t e . -1 1 H2P1S2S2P1S1S1
0 . 150455E+03 O n ly  1 s t  and 2nd t r e a t e d . -1 1 H3P1S2S2P1S1S1
0 . 7 1 1 177E+02 0 .3 6 2 5 3 5 E -0 0 .7 7 1 9 5 2 E -0 2 -1 1 P1S2P2P1P1P1
0 . 9 2 6 8 1 1E+02 0 . 133995E-03 - 0 . 224688E - 02 -1 1 P1S2P2P1P1S1
0 .9 0 7 5 4 1 E+02 A r r i v a l  t o o a t e . -1 1 H1P1S2P2P1P1S1
0 . 1 14245E+03 -0 .3 4 4 4 5 2 E -0 3 0 .5 7 7 3 4 0 E -0 2 -1 1 P1S2P2P1S1S1
0 . 1 12277E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2P2P1S1S1
0 . 135808E+03 -0 .7 9 0 7 4 8 E -0 3 0 . 132483E-01 -1 1 P1S2P2S1S1S1
0 . 1 3 3 8 0 1 E+03 A r r i v a l  t o o a t e . -1 1 H1P1S2P2S1S1S1
0 .52 3 0 9 0 E + 0 2 -0 .5 3 4 3 4 0 E + 0 - 0 .5 8 7 0 9 1 E+00 -1 1 P1P2P3P3P2P1
0 .7 3 7743E + 02 - 0 .4 4 5 2 7 5 E - 0 0 . 142106E+01 -1 1 P1P2P3P3P2S1
0 .8 3 4478E + 02 - 0 . 1 96898E -0 0 .5 9 9204E + 00 -1 1 P1P2P3P3S2S1
0 .6 1 9788E + 02 0 .4 5 1 2 4 5 E -0 0 .5 2 0 2 6 1 E -0 2 -1 1 P1P2P3P3S2P1
0 . 104222E+03 -0 .325650E + 00 0.810555E+01 -1 1 P1P2P3S3S2S1
































0 .3 6 5 2 5 7 E -0 1  
-0 .9 0 1 5 2 0 E -0 1  
-0 .7 8 8 9 4 4 E + 0 0  
l a t e .
- 0 . 108879E-01 
l a t e .
0 .9 1 0 4 7 3 E -0 3  
t o o  l a t e .
- 0 .8 4 6 8 4 5 E - 0 3  
t o o  l a t e .
0 . 727970E+02 
0 .94 2 8 0 3 E + 0 2  
0 . 127998E+03 
0 . 127404E+03 
0 . 1 0 6 4 4 5 E+03 
0 . 1 0 5 8 8 1 E+03 
0 . 9 5 3 3 8 1 E+02 
0 .9 5 2 8 0 0 E + 0 2  
0 . 1 1 6 8 7 1 E+03 
0 . 1 16803E+03 
0 . 727970E+02 
0 .9 4 2 8 0 3 E + 0 2  
0 . 104222E+03 
0 . 142676E+03 
0 . 140048E+03 
0 . 140977E+03 
0 .12 0 9 3 7 E + 0 3  
0 . 1 18479E+03 
0 . 1 19379E+03 
0 . 106445E+03 
0 . 105881E+03 
0 .1 2 7 9 9 8 E + 0 3  
0 . 127404E+03 
0 .8 27326E + 02  
0 . 104222E+03 
0 . 1 14256E+03 
0 .6 19788E + 02  
0 .83 4 4 7 8 E + 0 2  
0 . 9 3 1 729E+02 
0 . 1 14256E+03
0 . 272050E+00 
0 .3 4 4 2 2 1 E - 0 2  
0 .4 5 3 2 8 6 E -0 1  
A r r i v a l  t o o  
- 0 .5 3 2 4 2 6 E -0 1  
A r r i v a l  t o o  
0 .4 8 7 8 1 4 E - 02 
A r r i v a l  
0 .4 4 6 0 8 3 E - 0 4  
A r r i v a l  
-0 .2 7 2 0 5 0 E + 0 0  
- 0 .3 4 4 2 2 1 E - 0 2  
- 0 .1 5 7 9 1 6 E - 0 2  
- 0 . 104171E+01 
A r r i v a l  t o o  
A r r i v a l  
* 0 . 5 1 1572E+01 
A r r i v a l  
A r r i v a l  t o o  
-0 .5 3 2 4 2 6 E -0 1  
A r r i v a l  t o o  
- 0 . 157790E -02  
A r r i v a l  
-0 .6 9 8 8 4 2 E + 0 0  
- 0 .9 8 4 1 0 1 E - 0 2  
- 0 .4 3 8 3 3 6 E - 0 2  
0 .4 5 1 2 4 5 E -0 1  
0 .4 1 7 9 7 9 E - 0 3  
0 .2 0 1 8 4 9 E - 0 3  
0 .4 3 8 3 3 6 E - 0 2
-0 .3 6 5 2 5 7 E -0 1  
Q .901520E-01  
0 .3 9 3 0 5 9 E -0 1  
0 . 1 15421E+02
- 0 .9 8 8 4 8 1 E - 01 
0 . 244946E+00 
0 . 104092E+00 
0 .5 2 0 2 6 1 E -0 2  
-0 .1 2 7 2 0 0 E -0 1  
- 0 .5 8 5 7 6 6 E - 0 2  
- 0 . 104092E+00
l a t e ,  
t o o  l a t e .
- 0 . 167450E+01 
t o o  l a t e ,  
l a t e .
- 0 . 108879E-01 
l a t e .
0 .2 7 4 6 3 4 E -0 1  
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APPENDIX D
S ho t sp read , SV source
SUMMARY OF ARRIVAL TIMES AND AMPLITUDES FOR EACH RAY NAME
POSITIVE GROUND MOTION I S  UP AND AWAY FROM THE SOURCE.
DIR: DIRECTION TAKEN BY RAY FROM THE SOURCE, 1 MEANS UP AND 
- 1  MEANS DOWN
ND: NUMBER OF DYNAMIC ANALOGS (SEE ENGELKEMEIR ( T - 2 1 7 5 ) )
THE SOURCE DEPTH I S  0 . 1 5 0  AND THE SOURCE I S  IN LAYER # 1 
RECEIVER # 1 IN LAYER # 1 ,  RECEIVER POSI:  R= 3 0 . 0 0 0 0  HR= 0 . 0 0 0 0
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 . 3  0 0 0 0 4 E + 0 3 0 . 1 6 6 6 6 0 E - 0 3 0 . 4 1 5 2 4 0 E - 0 8 1 1 S I
2 0 . 3 0 5 6 5 1 E + 0 3 0 . 5 9 0 5 0 0 E + 0 0 —0 . 2 2 4 5 4 1 E - 0 1 - 1 1 S 1 S 1
2 0 . 7  6 5 7  4 3E +02 - 0 . 5 0 8 4 1 7 E - 0 4 0 . 1 9 3 3 2 8 E - 0 5 - 1 1 S 1H 1S 1
2 0 . 1 1 5 1 0 0 E + 0 3 - 0 . 2 0 3 2 0 7 E - 0 3 0 . 7 7 2 7 0 6 E —05 - 1 1 S 1H 2S 1
2 0 . 1 4 1 7 7 6 E + 0 3 O n l y  1 s t  a n d 2 n d  t r e a t e d . - 1 1 S1H3S 1
3 0 . 1 1 3 4 6 6 E + 0 3 0 . 4 8 6 7 7 6 E - 0 3 0 . 1 5 9 5 8 2 E - 0 1 - 1 1 S 1 P 1
4 0 . 3 2 2 5 5 6 E + 0 3 - 0 . 4 6 8 7 9 3 E + 0 0 0 . 7 3 1 4 3 5 E - 0 1 - 1 1 S 1 S 1 S 1 S 1
4 0 . 1 3 6 4 6 4 E + 0 3 0 . 4 8 2 0 7 6 E - 0 4 —0 . 7 5 2 1 6 0 E - 0 5 - 1 1 S 1 H 1 S 1 S 1 S 1
4 0 . 1 7 3 9 8 0 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 S 1 S 1
4 0 . 1 9 9 2 7 5 E + 0 3 O n l y  1 s t  a n d 2n d  t r e a t e d . - 1 1 S 1 H 3 S 1 S 1 S 1
5 0 . 1 7 0 9 9 3 E + 0 3 - 0 . 4 8 6 4 8 7 E —03 - 0 . 1 4 9 8 8 2 E - 0 1 - 1 1 S 1 S 1 S 1 P 1
5 0 . 1 1 4 8 9 6 E + 0 3 - 0 . 2 3 4 1 3 4 E - 0 4 - 0 . 7 2 1 3 4 6 E - 0 3 - 1 1 S 1 H 1 S 1 S 1 P 1
5 0 . 1 5 0 8 8 0 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 S 1 P 1
6 0 . 1 4 3 5 7 4 E + 0 3 - 0 . 5 8 9 2 0 9 E —04 - 0 . 9 5 4 5 8 0 E - 0 3 - 1 1 S 1 S 1 P 1 P 1
6 0 . 9 3 3 2 7 0 E + 0 2 0 . 1 7 4 0 1 8 E - 0 3 0 . 2 8 1 9 2 8 E - 0 2 - 1 1 S 1 H 1 S 1 P 1 P 1
6 0 . 1 2 7 7 7 9 E + 0 3 0 . 2 1 2 4 2 9 E - 0 3 0 . 3 4 4 1 5 7 E - 0 2 - 1 1 S 1 H 2 S 1 P 1 P 1
7 0 . 1 7  0 9 9 3 E + 0 3 - 0 . 1 8 9 7 6 0 E - 0 3 0 . 2 1 6 2 7 1 E - 0 2 - 1 1 S 1 S 1 P 1 S 1
7 0 . 1 1 4 8 9 6 E + 0 3 - 0 . 1 8 1 4 2 7 E - 0 5 0 . 2  0 6 7 7 3 E - 0 4 - 1 1 S 1 H 1 S 1 P 1 S 1
7 0 . 1 5 0 8 8 0 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 P 1 S 1
8 0 . 1 1 6 9 0 3 E + 0 3 - 0 . 1 6 0 6 4 8 E - 0 2 - 0 . 1 8 3 5 8 8 E - 0 1 - 1 1 S 1 P 1 P 1 P 1
8 0 . 7 1 7 5 8 5 E + 0 2 0 . 3 4 1 1 6 4 E - 0 4 0 . 3 8 9 8 8 1 E - 0 3 - 1 1 S 1H 1 P 1 P 1P 1
8 0 . 1 0 4 6 7 8 E + 0 3 0 . 4 6 9 1 1 8 E - 0 4 0 . 5 3  6 1 0 8 E - 0 3 - 1 1 S 1H 2 P 1 P 1P 1
9 0 . 1 4 3 5 7 4 E + 0 3 0 . 4 3 3 4 9 2 E - 0 3 - 0 . 5 1 1 5 5 3 E - 0 2 - 1 1 S 1 P 1 P 1 S 1
9 0 . 9 3  3 2 7 0 E + 0 2 - O . 5 0 8 2 6 3 E - 0 6 0 . 5 9 9 7 8 9 E - 0 5 - 1 1 S 1 H 1 P 1 P 1 S 1
9 0 . 1 2 7 7 7 9 E + 0 3 - 0 . 2 6 0 1 4 2 E—05 0 . 3 0 6 9 8 7 E - 0 4 - 1 1 S 1 H 2 P 1 P 1 S 1
10 0 . 1 7 0 9 9 3 E + 0 3 - 0 . 1 8 9 7 6 0 E - 0 3 0 . 2 1 6 2 7 1 E - 0 2 - 1 1 S 1 P 1 S 1 S 1
10 0 . 1 1 4 8 9 6 E + 0 3 - 0 . 1 3 0 9 0 4 E - 0 5 0 . 1 4 9 1 9  2 E - 0 4 - 1 1 S 1 H 1 P 1 S 1 S 1
10 0 . 1 5 0 8 8 0 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 P 1 S 1 S 1
11 0 . 1 4 3 5 7 4 E + 0 3 0 . 1 1 9 9 3 3 E - 0 3 0 . 1 9 4 3 0 4 E - 0 2 - 1 1 S 1 P 1 S 1 P 1
11 0 . 9 3 3 2 7 0 E + 0 2 0 . 1 1 3 2 2 4 E - 0 4 0 .  1 8 3 4 3 5 E - 0 3 - 1 1 S 1 H 1 P 1 S 1 P 1
11 0 . 1 2 7 7 7 9 E + 0 3 0 . 1 3 8 2 1 6 E - 0 4 0 . 2 2 3 9 2 4 E - 0 3 - 1 1 S 1 H 2 P 1 S 1 P 1
12 0 . 1 2 1 2 7 6 E + 0 3 0 . 1 0 2 3 5 6 E - 0 3 - 0 . 3 3 1 1 6 5 E - 0 2 - 1 1 S 1 S 2 S 2 S 1
12 0 . 9 9 4 2 4 0 E + 0 2 - 0 . 3 1 8 3 8 6 E - 0 5 0 . 1 0 3 0 1 2 E - 0 3 - 1 1 S 1 S 2 H 1 S 2 S 1
12 0 . 1 0 2 1 2 5 E + 0 3 - 0 . 6 5 2 5 5 2 E - 0 6 0 . 2 1 1 1 2 8 E - 0 4 - 1 1 S 1 H 2 S 2 S 2 S 1
12 0 . 1 1 8 7 8 1 E + 0 3 O n l y  1 s t  a n d 2n d  t r e a t e d . - 1 1 S 1 H 3 S 2 S 2 S 1
13 0 . 9 8 5 6 4 8 E + 0 2 - 0 . 1 1 2 4 8 3 E - 0 2 - 0 . 4 8 4 2 8 9 E - 0 2 - 1 1 S 1 S 2 S 2 P 1
13 0 . 7 7 9 0 0 7 E + 0 2 0 . 1 6 5 3 6 6 E - 0 3 0 . 7 1 1 9 7 4 E —03 - 1 1 S 1 S 2 H 1 S 2 P 1
13 0 . 8 0 5 5 6 9 E + 0 2 0 . 2 7 9 2 3 2 E - 0 4 0 . 1 2 0 2 2 2 E - 0 3 - 1 1 S 1 H 2 S 2 S 2 P 1
13 0 . 9 6 5 1 1 6 E + 0 2 O n l y  1 s t  a n d 2 nd  t r e a t e d . - 1 1 S 1 H 3 S 2 S 2 P 1
14 0 . 6 8 3 2 4 2 E + 0 2 0 . 1 2 6 8 6 0 E - 0 4 0 . 4 5 2 8 9 3 E - 0 4 - 1 1 S 1 S 2 P 2 P 1
15 0 . 8 9 8 8 3 8 E + 0 2 0 . 4 0 7 4 4 4 E - 0 6 - 0 . 1 1 7 7 5 3 E - 0 3 - 1 1 S 1 S 2 P 2 S 1





























































0 . 5 6 6 9 8 6 E + 0 2  
0 . 7 8 4 7  61 E + 0 2  
0 .  7 8 2 2 1 9 E + 0 2  
0 . 8 9 8 8 3 8 E + 0 2  
0 . 6 8 3 2 4 2 E + 0 2  
0 . 3 4 9 0 8 8 E + 0 3  
0 . 1 9 6 3 5 4 E + 0 3  
0 . 2 3 2 8 6 1 E + 0 3  
0 . 2 5 6 7 7 3 E + 0 3  
0 . 2 2 8 5 2 5 E + 0 3  
0 . 1 7 4 7 8 5 E + 0 3  
0 . 2 0 9 7 6 0 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 2 2 8 5 2 5 E + 0 3  
0 . 1 7 4 7 8 5 E + 0 3  
0 . 2 0 9 7 6 0 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 . 1 3 1 6 4 8 E + 0 3  
0 . 1 6 3 5 5 8 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 2 2 8 5 2 5E +03  
0 . 1 7 4 7 8 5 E + 0 3  
0 . 2 0 9 7 6 0 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 1 4 8 7 3 8 E + 0 3  
0 . 1 1 0 0 8 0 E + 0 3  
0 . 1 4 0 4 5 7 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 . 1 3 1 6 4 8 E + 0 3  
0 . 1 6 3 5 5 8 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 . 1 3 1 6 4 8 E + 0 3  
0 . 1 6 3 5 5 8 E + 0 3  
0 . 2 2 8 5 2 5 E + 0 3  
0 . 1 7 4 7 8 5 E + 0 3  
0 . 2  0 9 7 6 0 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 . 1 3 1 6 4 8 E + 0 3  
0 . 1 6 3 5 5 8 E + 0 3  
0 . 12 3 3 9 0 E + Q 3  
0 . 8 8 5 1 1 3 E + 0 2  
0 . 1 1 7 3 5 6 E + 0 3  
0 . 1 4 8 7 3 8 E + 0 3  
0 . 1 1 0 0 8 0 E + 0 3  
0 . 1 4 0 4 5 7 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 . 1 3 1 6 4 8 E + 0 3  
0 . 1 6 3 5 5 8 E + 0 3
A r r i v a l  t o o  c l o s e  
0 . 5 1 6 5 8 1 E - 0 7  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 4 0 7 4 4 4 E - 0 6  0
0 .  3 7 2 4 3 3 E - 0 6  0
- 0 . 2 5 8 3 7 4 E + 0 0  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
O n l y  1 s t  a n d  2n d  
- 0 . 1 7 4 4 1 2 E - 0 4  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 1 5 1 1 4 9 E - 0 3  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 6 7 9 5 6 2 E - 0 5  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 3 7 2 5 9 1 E —03  0
- 0 . 6 9 0 3 6 7 E - 0 5  - 0
A r r i v a l  t o o  l a t e .  
- 0 . 1 0 9 5 3 1 E - 0 2  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 6 7 9 5 6 0 E - 0 5  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 3 2 2 0 8 8 E - 0 3  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 4  6 0 0 3  2 E - 0 3  0
- 0 . 5 8 8 0 1 6 E - 0 4  - 0
- 0 . 9 9 6 6 2 8 E - 0 4  - 0
0 .  13 3 5 3 9 E - 0 3  - 0
0 . 1 9 9 7 1 7 E - 0 5  - 0
A r r i v a l  t o o  l a t e .
0 . 5 7 0 9 7 9 E - 0 4  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
0 . 5 5 5 1 0 2 E - 0 4  0
0 . 1 5 7 2 4 6 E - 0 4  0
A r r i v a l  t o o  l a t e .  
- 0 . 6 7 9 5 6 I E - 0 5  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0  . 3 2 2 0 8 8 E—03  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
0 . 5 5 5 1 0 2 E —04  0
0 . 1 5 7 2 4 6 E —04  0
A r r i v a l  t o o  l a t e .  
- 0 . 1 5 6 9 2 6 E - 0 2  - 0
- 0 . 7 7 6 7 2 0 E - 0 7  - 0
- 0 . 1 5 5 2 0 0 E - 0 6  - 0
- 0 . 1 6 1 5 7 6 E - 0 2  0
0 . 1 3 7 2 2 1 E - 0 6  - 0
0 .  9 7 5 1 4 0 E - 0 6  - 0
0 . 1 3  3 5 3 9 E - 0 3  - 0  
- 0 . 1 0 9 5 1 6 E - 0 5  0
A r r i v a l  t o o  l a t e .
t o  r e f l e c t  
. 1 7 1 4 1 8 E - 0 4  
t o  r e f l e c t .  
. 1 1 7 7 5 3 E - 0 3  
. 13 2 9 6 0 E - 0 5  
. 9 1 4 7 1 2 E - 0 1
t r e a t e d .
. 5 0 3 0 1 3 E - 0 3
2 3 0 5 7 9 E - 0 2
7 7 5 9 3 5 E - 0 4
4 0 3 5 4 6 E —02  
7 4 7 7 2 4 E —04
1 3 0 0 6 9 E - 0 1
7 7 5 9 3 3 E - 0 4
. 4 9 1 3 4 8 E - 0 2
3 9 9 1 4 3 E - 0 2  
5 1 0 1 8 7 E - Q 3  
8 6 4 7 1 5 E - 0 3  
1 6 7 7 4 9 E - 0 2  
2 5 0 8 8 1 E —04
6 7 8 0 4 3 E - 0 3
6 0 1 2 2 1 E - 0 3
1 7 0 3 1 0 E - 0 3
7 7 5 9 3 4 E —04
4 9 1 3 4 8 E —02
6 0 1 2 2 I E —03  
1 7 0 3 1 0 E - 0 3
1 1 6 4 1 1 E - 0 1  
5 7 6 1 8 6 E - 0 6  
1 1 5 1 3 0 E - 0 5  
2 1 7 1 0 1 E - 0 1  
1 8 4 3 7 7 E - 0 5  
1 3 1 0 2 4 E - 0 4  
1 6 7 7 4 9 E - 0 2  
1 3 7 5 7 1 E - 0 4
H 1 S 1 P 2 P 2 P 1
S 1 P 2 P 2 S 1
H I S 1 P 2  P 2 S 1
S 1 P 2 S 2 S 1
S 1 P 2 S 2 P 1
S I S I S I S I S 1 S 1
HIS I S  I S  IS  IS  IS  1
H 2 S 1 S 1 S 1 S 1 S 1 S 1
H 3 S I S I S I S I S I S  1
S 1 S 1 S 1 S 1 S 1 P 1
HIS IS  I S  IS  IS  1 PI
H 2 S 1 S 1 S 1 S 1 S 1 P 1
S 1 S 1 S 1 S 1 P 1 P 1
H 1 S 1 S 1 S 1 S 1 P 1 P 1
H 2 S 1 S 1 S 1 S 1 P 1 P 1
S 1 S 1 S 1 S 1 P 1 S 1
H 1 S 1 S 1 S 1 S 1 P 1 S 1
H 2 S 1 S 1 S 1 S 1 P 1 S 1
S 1 S 1 S 1 P 1 P 1 P 1
S 1 H 1 S 1 S 1 P 1 P 1 P 1
S 1 H 2 S 1 S 1 P 1 P 1 P 1
S 1 S 1 S 1 P 1 P 1 S 1
H 1 S 1 S 1 S 1 P 1 P 1 S 1
H 2 S 1 S 1 S 1 P 1 P 1 S 1
S 1 S 1 S 1 P 1 S 1 S 1
HIS IS  IS  IP  IS  IS  1
H2S I S  IS  IP  IS  IS  1
S 1 S 1 S 1 P 1 S 1 P 1
H 1 S 1 S 1 S 1 P 1 S 1 P 1
H 2 S 1 S 1 S 1 P 1 S 1 P 1
S 1 S 1 P 1 P 1 P 1 P 1
S 1 H 1 S 1 P 1 P 1 P 1 P 1
S 1 H 2 S 1 P 1 P 1 P 1 P 1
S 1 S 1 P 1 P 1 P 1 S 1
S 1 H 1 S 1 P 1 P 1 P 1 S 1
S 1 H 2 S 1 P 1 P 1 P 1 S 1
S 1 S 1 P 1 P 1 S 1 S 1
H 1 S 1 S 1 P 1 P 1 S 1 S 1
H2 S I S I P I P I S I S 1
S 1 S 1 P 1 P 1 S 1 P 1
S 1 H 1 S 1 P 1 P 1 S 1 P 1
S 1 H 2 S 1 P 1 P 1 S 1 P 1
S 1 S 1 P 1 S 1 S 1 S 1
H 1 S 1 S 1 P 1 S 1 S 1 S 1
H 2 S 1 S 1 P 1 S I S I S 1
S 1 S 1 P 1 S 1 S 1 P 1
H 1 S 1 S 1 P 1 S 1 S 1 P 1
H 2 S 1 S 1 P 1 S 1 S 1 P 1
S 1 S 1 P 1 S 1 P 1 P 1
S 1 H 1 S 1 P 1 S 1 P 1 P 1
S 1 H 2 S 1 P 1 S 1 P 1 P 1
S 1 P 1 P 1 P 1 P 1 P 1
S 1 H 1 P 1 P 1 P 1 P 1 P 1
S 1 H 2 P 1 P 1 P 1 P 1 P 1
S 1 P 1 P 1 P 1 P 1 S 1
S 1 H 1 P 1 P 1 P 1 P 1 S 1
S 1 H 2 P 1 P 1 P 1 P 1 S 1
S 1 P 1 P 1 P 1 S 1 S 1
S 1 H 1 P 1 P 1 P 1 S 1 S 1


















































0 . 1 4 8 7 3 8 E + 0 3  
0 .  1 1 0 0 8 0 E + 0 3  
0 . 1 4 0 4 5 7 E + 0 3  
0 . 2 0 1 1 9 0 E + 0 3  
0 . 1 5 3 2 1 7 E + 0 3  
0 . 1 8 6 6 5 9 E + 0 3  
0 . 1 7 4 6 3 6 E + 0 3  
0 .  131648E-t -03  
1 6 3 5 5 8 E + 0 3  
1 4 8 7 3 8 E + 0 3  
1 1 0 0 8 0 E + 0 3  
1 4 0 4 5 7 E + 0 3  
2 2 8 5 2 5 E + 0 3  
1 7 4 7 8 5 E + 0 3  
2 0 9 7 6 0 E + 0 3  
2 0 1 1 9 0 E + 0 3  
1 5 3 2 1 7 E +0 3  
1 8 6 6 5 9 E + 0 3  
1 7 4 6 3  6E +03  
1 3 1 6 4 8 E + 0 3  
16 3  5 5 8 E + 0 3  
0 . 1 4 8 7 3 8 E + 0 3  
0 . 1 1 0 0 8 0 E + 0 3  
0 . 1 4 0 4 5 7 E + 0 3  
13 6 8 4  3E+03  
1 2 5 4 2 1 E + 0 3  
1 2 7 6 7 7 E + 0 3  
1 3 6 8 0 4 E + 0 3  
1 1 4 6 4 3 E + 0 3  
1 0 3 8 9 8 E + 0 3  
0 . 1 0 6 1 0 8 E + 0 3  
0 . 1 1 4 5 3 5 E + 0 3  
0 .  9 3 9 8 0 0 E + 0 2  
93  2 9 6 8 E + 0 2  
1 1 5 5 3 6 E + 0 3  
1 1 4 8 2 0 E + 0 3  
8 2 7 7 8 4 E + 0 2  
8 2 6 9 5 7 E + 0 2  
10 4  3 1 4E +0 3  
1 0 4 2 1 9E +0 3  
1 1 5 5 3 6 E + 0 3  
1 1 4 8 2 0 E + 0 3  
9 3 9 8 0 0 E + 0 2  
9 3 2 9 6 8 E + 0 2  
7 2 1 2 2 8 E + 0 2  
9 3 6 3 9 7 E + 0 2  
1 0 4 3 1 4E +0 3
- 0 . 7 2 7 4 0 6 E - 0 2  
0 . 7 7 9 7  0 5 E - 0 4  
0 . 1 3 2 1 5 2 E - 0 3
0 . 1 3 0 0 6 9 E - 0 1
- 0 . 8 3 8 3 7 2 E - 0 3  
0 . 8 9 8 6 4 9 E - 0 5  
0 . 1 5 2  3 1 2 E - 0 4  
- 0 . 1 0 9 5 3 1 E - 0 2  
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
- 0 . 8 4 8 6 5 5 E - 0 3  - 0 . 9 1 9 1 6 3 E - 0 2
- 0 . 2 7 5 1 1 2 E - 0 5  - 0 . 2 9 7 9 6 8 E - 0 4
A r r i v a l  t o o  l a t e .
- 0 . 8 3 8 3 7 2 E - 0 3  - 0 . 7 2 7 4 0 6 E - 0 2
0 . 8 9 8 6 4 9 E - 0 5  0
0 . 1 5 2 3 1 2 E —0 4  0
- 0 . 6 7 9 5 6 0 E - 0 5  0
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
- 0 . 3 2 2 0 8 8 E - 0 3  - 0 . 4 9 1 3 4 8 E - 0 2
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
0 . 5 5 5 1 0 3 E - 0 4  0
0 . 4 2 0 5 9 8 E - 0 4  0
A r r i v a l  t o o  l a t e .  
- 0 . 8 3 8 3 7 2 E - 0 3  - 0 . 7 2 7 4 0 6 E - 0 2
7 7 9 7 0 5 E - 0 4  
13 2 1 5 2 E - 0 3  
7 7 5 9 3 3 E - 0 4
6 0 1 2 2 1 E - 0 3
4 5 5 5 4 2 E - 0 3
8 9 8  6 4 9 E - 0 5  
15 2  3 1 2 E - 0 4  
6 9 2 1 2 5 E - 0 5  
1 4 6 0 5 7 E - 0 5  
3 2 2 0 5 8 E - 0 6
0 . 7 7 9 7  0 5 E - 0 4  
0 . 1 3 2 1 5 2 E - 0 3  
- 0 . 3 5 2 5 4 9 E - 0 3  
- 0 . 7 4 3 9 7 5 E - 0 4  
- 0 . 1 6 4 0 4 8 E - 0 4
O n l y  1 s t  a n d  2n d  t r e a t e d .
- 0 . 3 0 7 3 9 1 E - 0 4  - 0 . 1 2 1 1 8 5 E - 0 3
- 0 . 2 8 7 8 6 6 E - 0 4  - 0 . 1 1 3 4 8 8 E - 0 3
- 0 . 5 2 4 3 8 5 E - 0 5  - 0 . 2 0 6 7 3 3 E - 0 4
O n l y  1 s t  a n d  2n d  t r e a t e d .
- 0 . 5 9 7 7 5 0 E - 0 6  - 0 . 2 1 3 2 8 5 E - 0 5
- 0 . 4 1 7 4 7 6 E - 0 5  
- 0 . 1 8 6 1 5 0 E - 0 7  
- 0 . 1 0 8 1 8 2 E - 0 6  
- 0 . 2 7 1 2 4 4 E - 0 5
- 0 . 1 4 8 9 6 1 E - 0 4  
0 . 5 5 1 7 9 8 E—0 5  
0 . 3 2 0 6 8 0 E - 0 4  
- 0 . 9 6 4 7 7 0 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
- 0 . 6 3 6 4 1 8 E - 0 7  0 . 2 2 4 2 1 4 E - 0 4
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .
- 0 . 5 0 7 2 4 2 E - 0 7  
- 0 . 9 3  6 8 4 4 E - 0 6  
0 . 5 3 7 1 4 7 E - 0 7  
0 . 1 1 7 2 7 5 E - 0 5  
- 0 . 3 9 1 6 4 5 E - 0 5  
- 0 . 8 3 6 6 7 5 E - 0 7  
0 . 9 8 1 5 0 4 E - 0 7
0 . 1 5 0 3 6 0 E - 0 4  
0 . 2 7 7 7 0 5 E - 0 3  
0 . 1 9 1 6 6 2 E - 0 6  
0 . 4 1 8 4 5 5 E - 0 5  
- 0 . 1 3 8 9 0 7 E - 0 4  
0 . 3 5 6 0 4 2 E - 0 4  
- 0 . 3 4 5 7 9 0 E - 0 4
0 . 1 0 4 2 19 E + 0 3  A r r i v a l  t o o  c l o s e  t o  r e f l e c t .
S 1 P 1 P 1 P 1 S 1 P 1
S 1 H 1 P 1 P 1 P 1 S 1 P 1
S 1 H 2 P 1 P 1 P 1 S 1 P 1
S 1 P 1 P 1 S 1 S 1 S 1
H 1 S 1 P 1 P 1 S 1 S 1 S 1
H 2 S 1 P 1 P 1 S 1 S 1 S 1
S 1 P 1 P 1 S 1 S 1 P 1
S 1 H 1 P 1 P 1 S 1 S 1 P 1
S 1 H 2 P 1 P 1 S I S 1 P 1
S 1 P 1 P 1 S 1 P 1 P 1
S 1 H 1 P 1 P 1 S 1 P 1 P 1
S 1 H 2 P 1 P 1 S 1 P 1 P 1
S 1 P 1 S 1 S 1 S 1 S 1
H 1 S 1 P 1 S 1 S 1 S 1 S 1
H 2 S 1 P 1 S 1 S 1 S 1 S 1
S 1 P 1 S 1 S 1 S 1 P 1
H 1 S 1 P 1 S 1 S 1 S 1 P 1
H 2 S 1 P 1 S 1 S 1 S 1 P 1
S 1 P 1 S 1 S 1 P 1 P 1
S 1 H 1 P 1 S 1 S 1 P 1 P 1
S 1 H 2 P 1 S 1 S 1 P 1 P 1
S 1 P 1 S 1 P 1 P 1 P 1
S 1 H 1 P 1 S 1 P 1 P 1 P 1
S 1 H 2 P 1 S 1 P 1 P 1 P 1
S 1 S 2 S 2 S 2 S 2 S 1
S 1 S 2 H 1 S 2 S 2 S 2 S 1
S 1 H 2 S 2 S 2 S 2 S 2 S 1
S 1 H 3 S 2 S 2 S 2 S 2 S 1
S 1 S 2 S 2 S 2 S 2 P 1
S 1 S 2 H 1 S 2 S 2 S 2 P 1
S 1 H 2 S 2 S 2 S 2 S 2 P 1
S 1 H 3 S 2 S 2 S 2 S 2 P 1
S 1 S 2 S 2 S 2 P 2 P 1
S 1 S 2 H 1 S 2 S 2 P 2 P 1
S 1 S 2 S 2 S 2 P 2 S 1
S 1 S 2 H 1 S 2 S 2 P 2 S 1
S 1 S 2 S 2 P 2 P 2 P 1
H 1 S 1 S 2 S 2 P 2 P 2 P 1
S 1 S 2 S 2 P 2 P 2 S 1
H 1 S 1 S 2 S 2 P 2 P 2 S 1
S 1 S 2 S 2 P 2 S 2 S 1
S 1 S 2 H 1 S 2 P 2 S 2 S 1
S 1 S 2 S 2 P 2 S 2 P 1
S 1 S 2 H 1 S 2 P 2 S 2 P 1
S 1 S 2 P 2 P 2 P 2 P 1
S 1 S 2 P 2 P 2 P 2 S 1
S 1 S 2 P 2 P 2 S 2 S 1
























































0 . 8  2 7 7  8 4E+02  
0 . 8 2 6 9 5 7 E + 0 2  
0 . 1 1 5 5 3 6 E + 0 3  
0 . 1 1 4 8 2 0 E + 0 3  
0 . 9  3 98  0 0 E + 0 2  
9 3 2 9 6 8 E + 0 2  
8 2 7 7 8 4 E + 0 2  
8 2 6 9 5 7 E + 0 2  
6 1 8 1 1 6 E + 0 2  
8 3 3 1 3 4 E + 0 2  
9 3 6 3 9 7 E + 0 2  
7 2 1 2 2 8 E + 0 2  
1 04  3 1 4 E +0 3  
1 0 4 2 19 E +0 3  
8 2 7 7 8 4 E + 0 2  
8 2 6 9 5 7 E + 0 2  
7 2 1 2 2 8 E + 0 2  
1 1 5 5 3  6E+03  
1 1 4 8 2 0 E + 0 3  
9 3 9 8 0 0 E + 0 2  
9 3 2 9 6 8 E + 0 2  
8 2 7 7 8 4 E + 0 2  
8 2 6 9 5 7 E + 0 2  
7 2 1 2 2 8 E + 0 2  
1 8 0 3 7 6 E + 0 3  
1 5 9 3 4 9 E + 0 3  
1 6 2 0 1 5 E + 0 3  
1 7 8 1 6 5 E + 0 3  
1 5 7 6 8 7 E + 0 3  
1 3 7 8 2 6 E + 0 3  
1 4 0 4 4 7 E + 0 3  
1 5 5 8 9 6 E + 0 3  
1 3 5 0 3 8 E + 0 3  
1 1 6 3 0 2 E + 0 3  
0 . 1 1 8 8 7 8 E + 0 3  
0 .  1 3 3 6 2 7 E + 0 3  
1 5 7  6 8 7 E + 0 3  
1 3 7 8 2 6 E + 0 3  
1 4 0 4 4 7 E + 0 3  
1 5 5 8 9 6 E + 0 3  
1 1 2 4 3 2 E + 0 3  
9 4 7 7 9 0 E + 0 2  
9 7 3 0 9 7 E + 0 2  
1 1 1 3 5 8 E + 0 3  
1 3 5 0 3 8 E + 0 3  
0 . 1 1 6 3 0 2 E + 0 3  
0 . 1 1 8 8 7 8 E + 0 3  
0 . 1 3 3 6 2 7 E + 0 3  
0 . 1 5 7 6 8 7 E + 0 3  
0 . 1 3 7 8 2 6 E + 0 3  
0 . 1 4 0 4 4 7 E + 0 3  
0 . 1 5 5 8 9 6 E + 0 3  
0 . 1 3 5 0 3 8 E + 0 3  
0 . 1 1 6 3 0 2 E + 0 3
- 0 . 1 5 5 5 7 6 E - 0 6  - 0 . 5 5 3 3 6 0 E - 0 6
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .
- 0 . 5 0 7 2 4 2 E - 0 7  0
- 0 . 3 8 1 9 3 7 E - 0 6  0
0 . 5 3 7 1 4 7 E - 0 7  0
0 . 4 8 8 3 9 2 E - 0 6  0
1 5 0 3  6 0 E - 0 4  
1 1 3 2 1 6 E - 0 3  
1 9 1 6 6 2 E —06  
1 7 4 2 6 5 E - 0 5
- 0 . 3 8 7 2 9 0 E - 0 6  - 0 . 1 3 7 7 5 3 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
0 . 1 6 4 4 7 5 E - 0 5  
0 . 2 9 7 5 2 6 E - 0 7
0 . 8 3 6 6 7 5 E - 0 7  
- 0 . 1 5 2 4 2 0 E - 0 6  
0 . 6 3 6 4 1 8 E - 0 7
0 . 5 8 2 0 1 7 E - 0 5  
- 0 . 1 5 2 4 9 7 E - 0 4  
- 0 . 3 5 6 0 4 2 E - 0 4  
- 0 . 5 4  0 5 9 5 E - 0 6  
- 0 . 2 2 4 2 1 4 E - 0 4
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 . 1 1 0 3 8 9 E - 0 6  - 0 . 3 9 2 6 3 8 E - 0 6
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
- 0 . 3 9 2 0 0 7 E - 0 6  - 0 . 1 3 9 0 3 5 E - 0 5
0 . 1 8 6 1 5 0 E - 0 7  
0 . 7 9 1 4 0 2 E - 0 7  
- 0 . 1 9 7 0 1 3 E - 0 7  
- 0 . 9 9 8 8 5 7 E - 0 7  
0 . 1 4 0 5 9 6 E - 0 6
- 0 . 5 5 1 7 9 8 E - 0 5  
—0 . 2 3 4 5 9 2 E—04  
- 0 . 7 0 2 9 6 9 E - 0 7  
- 0 . 3 5 6 4 0 6 E - 0 6  
0 . 5 0 0 0 7 8 E - 0 6
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
- 0 . 3 9 2 0 0 7 E - 0 6  - 0 . 1 3 9 0 3 5 E - 0 5
- 0 . 2 9 5 5 4 0 E - 0 4  0 . 9 7 0 3 4 9 E - 0 3
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 2 5 2 3  6 9 E —03  0 . 1 0 8 2 0 1 E - 0 2
- 0 . 3 4 1 4 0 8 E - 0 5  - 0 . 1 4 6 3 7 5 E - 0 4
- 0 . 5 7 9 2 1 4 E - 0 6  - 0 . 2 4 8 3 3 2 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 2  0 9 6 4 9 E —0 4  0 . 8 9 2 3 1 8 E - 0 4
0 . 4 0 1 2 2 4 E—0 4  0 . 1 7 0 7 7 1 E - 0 3
0 . 6 8 5 1 1 8 E —0 5  0 . 2 9 1 6 0 4 E - 0 4
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 3 1 7 8 1 1 E - 0 4  - 0 . 1 0 7 1 8 1 E - 0 2
- 0 . 1 1 2 1 5 4 E - 0 5  0 . 3 7 8 2 3 9 E - 0 4
—0 . 2 3 2 3 6 5 E - 0 6  0 . 7 8 3 6 4 8 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
- 0 . 1 8 0 0 1 0 E - 0 3  - 0 . 7 6 0 3 1 5 E - 0 3
0 . 2 6 8 3 3 6 E - 0 4  0 . 1 1 3 3 3 8 E - 0 3
0 . 4 6 1 2 8 7 E - 0 5  0 . 1 9 4 8 3 6 E - 0 4
O n l y  1 s t  a n d  2 n d  t r e a t e d .
- 0 . 2 6 8 7 4 7 E - 0 3  0 . 9 3 3 7 5 3 E - 0 2
- 0 . 7 5 6 3 7 7 E - 0 6  0 . 2 6 2 8 0 1 E - 0 4
- 0 . 1 5 7 7 2 7 E - 0 6  0 . 5 4 8 0 1 9 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 6 4 7 6 9 1 E - 0 4  - 0 . 2 1 8 4 3 3 E - 0 2
- 0 . 9 4 6 0 3 9 E - 0 5  0 . 3 1 9 0 5 1 E - 0 3
- 0 . 1 9 6 0 0 3 E - 0 5  0 . 6 6 1 0 2 0 E - 0 4
O n l y  1 s t  a n d  2 n d  t r e a t e d .  
- 0 . 2 6 7 7 2 9 E - 0 3  - 0 . 1 1 3 9 5 2 E - 0 2
0 . 3 9 2 7 3 3 E - 0 4  0 . 1 6 7 1 5 7 E - 0 3
S 1 S 2 P 2 P 2 S 2 P 1
H 1 S 1 S 2 P 2 P 2 S 2 P 1
S 1 S 2 P 2 S 2 S 2 S 1
S 1 S 2 H 1 P 2 S 2 S 2 S 1
S 1 S 2 P 2 S 2 S 2 P 1
S 1 S 2 H 1 P 2 S 2 S 2 P 1
S 1 S 2 P 2 S 2 P 2 P 1
H1S1S2P2S2P2P1
S 1 P 2 P 2 P 2 P 2 P 1
S 1 P 2 P 2 P 2 P 2 S 1
S 1 P 2 P 2 P 2 S 2 S 1
S 1 P 2 P 2 P 2 S 2 P 1
S 1 P 2 P 2 S 2 S 2 S 1
H 1 S 1 P 2 P 2 S 2 S 2 S 1
S 1 P 2 P 2 S 2 S 2 P 1
H 1 S 1 P 2 P 2 S 2 S 2 P 1
S 1 P 2 P 2 S 2 P 2 P 1
S 1 P 2 S 2 S 2 S 2 S 1
S 1 P 2 H 1 S 2 S 2 S 2 S 1
S 1 P 2 S 2 S 2 S 2 P 1
S 1 P 2 H 1 S 2 S 2 S 2 P 1
S 1 P 2 S 2 S 2 P 2 P 1
H 1 S 1 P 2 S 2 S 2 P 2 P 1
S 1 P 2 S 2 P 2 P 2 P 1
S1S2S2S1S1S1
H 1 S 1 S 2 S 2 S 1 S 1 S 1
H 2 S 1 S 2 S 2 S 1 S I S 1
H 3 S 1 S 2 S 2 S 1 S 1 S 1
S 1 S 2 S 2 S 1 S 1 P 1
S 1 S 2 H 1 S 2 S 1 S 1 P 1
S 1 H 2 S 2 S 2 S I S 1 P 1
S 1 H 3 S 2 S 2 S 1 S 1 P 1
S 1 S 2 S 2 S 1 P 1 P 1
SIS2HIS2SIPIP1
S 1 H 2 S 2 S 2 S 1 P 1 P 1
S 1 H 3 S 2 S 2 S 1 P 1 P 1
S 1 S 2 S 2 S 1 P 1 S 1
S 1 S 2 H 1 S 2 S 1 P 1 S 1
S 1 H 2 S 2 S 2 S 1 P 1 S 1
S 1 H 3 S 2 S 2 S 1 P 1 S 1
S 1 S 2 S 2 P 1 P 1 P 1
S 1 S 2 H 1 S 2 P 1 P 1 P 1
S 1 H 2 S 2 S 2 P 1 P 1 P 1
S 1 H 3 S 2 S 2 P 1 P 1 P 1
S 1 S 2 S 2 P 1 P 1 S 1
S 1 S 2 H 1 S 2 P 1 P 1 S 1
S 1 H 2 S 2 S 2 P 1 P 1 S 1
S 1 H 3 S 2 S 2 P 1 P 1 S 1
S 1 S 2 S 2 P 1 S 1 S 1
S 1 S 2 H 1 S 2 P 1 S 1 S 1
S 1 H 2 S 2 S 2 P 1 S 1 S 1
S 1 H 3 S 2 S 2 P 1 S 1 S 1
S 1 S 2 S 2 P 1 S 1 P 1
S1S2H1S2P1S1P1
T 3 8 2 2 15
79 0 . 1 1 8 8 7 8 E + 0 3
79 0 .  13 3 6 2 7 E + 0 3
80 0 . 8 5 1 0 3 0 E + 0 2
81 0 . 1 0 6 6 6 2 E + 0 3
82 0 . 1 2 8 2 2 1E+03
83 0 . 1 0 6 6 6 2 E + 0 3
84 0 . 1 4 9 7 8 0 E + 0 3
85 0 . 1 2 8 2 2 1 E + 0 3
86 0 . 1 0 6 6 6 2 E + 0 3
87 0 . 7 3 7 6 2 2 E + 0 2
87 0 . 7 3 5 7 6 9 E+02
88 0 . 9 5 3 0 2 8 E + 0 2
88 0 . 9 5 1 0 0 2 E + 0 2
89 0 . 1 1 6 8 4 4 E + 0 3
89 0 . 1 1 6 6 2 4 E + 0 3
90 0 . 9 5 3 0 2 8 E + 0 2
90 0 . 9 5 1 0 0 2 E + 0 2
91 0 . 1 3  8 3 8 6E+03
91 0 . 1 3 8 1 4 7 E + 0 3
92 0 . 1 1 6 8 4 4 E + 0 3
92 0 . 1 1 6 6 2 4 E + 0 3
93 0 . 9 5 3 0 2 8 E + 0 2
93 0 . 9 5 1 0 0 2 E + 0 2
94 0 . 1 4 9 7 8 0 E + 0 3
95 0 . 1 2 8 2 2 1 E + 0 3
96 0 . 1 0 6 6 6 2 E + 0 3
97 0 . 8 5 1 0 3 0 E + 0 2
98 0 . 1 5 4 2 7 1 E + 0 3
98 0 . 1 5 3 8 7 1 E + 0 3
98 0 . 1 5 4 1 6 2 E + 0 3
99 0 . 1 3 2 6 4 0 E + 0 3
99 0 . 1 3 2 3 0 3 E + 0 3
99 0 . 1 3 2 5 6 4 E + 0 3
100 0 . 1 2 0 8 5 2 E + 0 3
100 0 . 1 2 0 8 2 8 E + 0 3
101 0 . 1 4 2 3 8 3 E + 0 3
101 0 . 1 4 2 3 5 1 E + 0 3
102 0 . 9 9 0 3 8 1E +02
103 0 . 1 2 0 5 1 1 E + 0 3
104 0 . 1 3 0 3 0 3 E + 0 3
105 0 . 1 0 8 8 2 4 E + 0 3
106 0 . 7 9 0 8 3 2 E + 0 2
107 0 . 1 0 0 5 3 9 E + 0 3
108 0 . 1 1 0 0 8 5 E + 0 3
109 0 . 8 8 6 2 5 9 E + 0 2
110 0 . 1 3 0 3 0 3 E + 0 3
111 0 . 1 0 8 8 2 4 E + 0 3
112 0 . 9 9 0 3 8 1 E + 0 2
113 0 . 6 9 5 7 9 7 E + 0 2
114 0 . 9 1 0 3 2 1 E + 0 2
115 0 . 1 0 0 5 3 9 E + 0 3
116 0 . 7 9 0 8 3 2 E + 0 2
117 0 . 1 2 0 5 1 1 E + 0 3
118 0 . 9 9 0 3 8 1 E + 0 2
0 .  67 0 6 2 0 E - 0 5  0
O n l y  1 s t  a n d  2 n d
0 . 1 1 8 8 9 5 E - 0 4  0
0 . 5 9 0 1 8 0 E —07 - 0
- 0 . 1 1 6 3 9 8 E - 0 6  0
0 . 6 6 6 1 8 0 E —07  0
- 0 . 2 6 8 4 9 7 E - 0 6  0
0 . 1 5 1 5 9 9 E - 0 6  0
0 . 4 2 8 9 9 7 E - 0 6  0
- 0 . 2 2 3  0 3 1 E - 0 5  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 8 5 9 7 0 4 E - 0 8  0
A r r i v a l  t o o  c l o s e  
0 . 1 4 5 0 7 4 E - 0 8  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 9 7 2 1 1 1 E - 0 8  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 1 8 2 9 2 5 E - 0 7  0
A r r i v a l  t o o  c l o s e  
- 0 . 2 8 4 6 3 6 E - 0 8  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 3 6 1 2 4 0 E - 0 7  - 0
A r r i v a l  t o o  c l o s e  
0 . 2 6 8 4 9 7 E - 0 6  - 0
- 0 . 1 5 1 5 9 9 E - 0 6  - 0
- 0 . 4 2 8 9 9 7 E - 0 6  - 0
0 . 3  6 0 6 0 0 E - 0 6  0
0 . 1 8 7 0 5 8 E - 0 5  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 4 3 3 4 2 1 E - 0 4  - 0
A r r i v a l  t o o  c l o s e  
A r r i v a l  t o o  c l o s e  
—0 . 6 4  3 8 7 5E—0 5  - 0
A r r i v a l  t o o  c l o s e  
- 0 . 1 8 1 0 7 3 E - 0 6  0
A r r i v a l  t o o  c l o s e  
—0 . 3 8 9 0 7 8 E —0 4  - 0
- 0 . 3 9 4 5 9 2 E - 0 6  0
- 0 . 2 0 9 2 0 7 E - 0 6  0
0 . 4 5 8 9 4 8 E - 0 6  0
0 . 1 8 3 5 0 7 E - 0 5  0
0 . 1 1 2 0 3 7 E —0 7  - 0
0 . 5 8 3 1 3 2 E —08  - 0
- 0 . 1 3 5 6 3 0 E - 0 7  - 0
0 . 2 0 9 2 0 7 E - 0 6  - 0
- 0 . 4 5 8 9 4 8 E - 0 6  - 0
- 0 . 1 4 4 6 8 1 E - 0 6  - 0
0 . 4 0 1 8 7 0 E - 0 5  0
0 . 2 1 7 2 8 5 E - 0 7  - 0
0 . 1 1 2 0 3 7 E - 0 7  - 0
- 0 . 2 6 2 9 9 2 E - 0 7  - 0
0 . 3 9 4 5 9 2 E - 0 6  - 0
- 0 . 8 8 3 1 6 1 E - 0 6  - 0
. 2 8 5 4 3 3 E - 0 4  
t r e a t e d .
. 4 2 4 4 0 4 E - 0 4  
. 1 7 1 5 8 8 E - 0 4  
. 3 3 7 6 5 6 E - 0 4  
. 2 3 7 8 0 9 E - 0 6  
. 7 7 7 2 1 0 E - 0 4  
. 5 4 1 1 9 5 E —06  
. 1 5 3 1 4 1 E - 0 5  
. 7 9 3 9 0 1 E - 0 5  
t o  r e f l e c t .  
. 2 8 9 6 0 5 E - 0 5  
t o  r e f l e c t .  
. 4 8 5 9 9 0 E - 0 6  
t o  r e f l e c t ,  
. 3 4 6 0 6 7 E - 0 7  
t o  r e f l e c t .  
. 6 0 9 4  9 2 E - 0 5  
t o  r e f l e c t .  
. 1 0 1 3  3 9 E - 0 7  
t o  r e f l e c t .  
. 1 2 8 5 9 9 E - 0 6  
t o  r e f l e c t .  
. 7 7 7 2 1 0 E - 0 4  
. 5 4 1 1 9 5 E - Q 6  
. 1 5 3 1 4  I E - 0 5  
. 1 2 8 7 1 9 E - 0 5  
. 3 4 8 2 9 4 E - 0 3
. 1 5 6 3 5 4 E - 0 3  
t o  r e f l e c t ,  
t o  r e f l e c t .  
. 2 2 8 8 7 4 E - 0 4  
t o  r e f l e c t .  
. 6 5 9 7 0 9 E - 0 4  
t o  r e f l e c t .  
. 1 3 7  07 6 E - 0 3  
. 3 3 6 0 6 9 E - 0 3  
. 1 5 4 3 8 9 E - 0 3  
. 1 6 1 8 5 8 E - 0 5  
. 6 4 4 8 6 2 E - 0 5  
. 1 5 5 7 9 8 E - 0 4  
. 7 1 7 8 1 2 E —05  
. 4 7 6 8 6 7 E —07  
. 1 5 4 3 8 8 E - 0 3  
. 1 6 1 8 5 8 E —05  
. 5 0 9 7 2 5 E - 0 6  
. 1 4 1 1 5 8 E - 0 4  
. 3 4 0 0 2 7 E - 0 4  
. 1 5 5 7 9 8 E - 0 4  
. 9 2 4 1 8 2 E - 0 7  
. 3 3 6 0 6 9 E - 0 3  
. 3 1 1 1 4 6 E - 0 5
S 1 H 2 S 2 S 2 P 1 S 1 P 1
S 1 H 3 S 2 S 2 P 1 S 1 P 1
S 1 S 2 P 2 P 1 P 1 P 1




S 1 S 2 P 2 S 1 S 1 P 1
S 1 S 2 P 2 S 1 P 1 P 1
S 1 P 2 P 2 P 1 P 1 P 1
H 1 S 1 P 2 P 2 P 1 P 1 P 1
S 1 P 2 P 2 P 1 P 1 S 1
H 1 S 1 P 2 P 2 P 1 P 1 S 1
S1P2P2P1S1S1
H 1 S 1 P 2 P 2 P 1 S 1 S 1
S 1 P 2 P 2 P 1 S 1 P 1
H 1 S 1 P 2 P 2 P 1 S 1 P 1
S 1 P 2 P 2 S 1 S 1 S 1
H 1 S 1 P 2 P 2 S 1 S 1 S 1
S 1 P 2 P 2 S 1 S 1 P 1
H 1 S 1 P 2 P 2 S 1 S 1 P 1
S 1 P 2 P 2 S 1 P 1 P 1
H I S 1 P 2 P 2 S 1 P 1 P 1
S 1 P 2 S 2 S 1 S 1 S 1
S 1 P 2 S 2 S 1 S 1 P 1
S 1 P 2 S 2 S 1 P 1 P 1
S 1 P 2 S 2 P 1 P 1 P 1
S 1 S 2 S 3 S 3 S 2 S 1
H 1 S 1 S 2 S 3 S 3 S 2 S 1
H 2 S 1 S 2 S 3 S 3 S 2 S 1
S 1 S 2 S 3 S 3 S 2 P 1
H 1 S 1 S 2 S 3 S 3 S 2 P 1
H 2 S 1 S 2 S 3 S 3 S 2 P 1
S 1 S 2 S 3 S 3 P 2 P 1
H 1 S 1 S 2 S 3 S 3 P 2 P 1
S 1 S 2 S 3 S 3 P 2 S 1
H 1 S 1 S 2 S 3 S 3 P 2 S 1
S 1 S 2 S 3 P 3 P 2 P 1
S 1 S 2 S 3 P 3 P 2 S 1
S 1 S 2 S 3 P 3 S 2 S 1
S 1 S 2 S 3 P 3 S 2 P 1
S 1 S 2 P 3 P 3 P 2 P 1
S1S2P3P3P2S1
S 1 S 2  P3 P 3 S 2 S 1
S 1 S 2 P 3 P 3 S 2 P 1
S 1 S 2 P 3 S 3 S 2 S 1
S 1 S 2 P 3 S 3 S 2 P 1
S 1 S 2 P 3 S 3 P 2 P 1
S 1 P 2 P 3 P 3 P 2 P 1
S 1 P 2 P 3 P 3 P 2 S 1
S 1 P 2 P 3 P 3 S 2 S 1
S 1 P 2 P 3 P 3 S 2 P 1
S 1 P 2 P 3 S 3 S 2 S 1
S 1 P 2 P 3 S 3 S 2 P 1
T 3 8 2 2 1 5 4
119  0 . 8 9 3  3 8 3 E + 0 2
120  0 . 1 4 2 3 8 3 E + 0 3
1 20  0 . 1 4 2  3 52 E +0 3
1 2 1  0 . 1 2 0 8 5 2 E + 0 3
1 21  0 . 1 2 0 8 2 8 E + 0 3
122  0 .  110355E-I-03
123  0 . 8 9 3  3 8 3 E + 0 2
- 0 . 2 7 5 3 4 2 E - 0 6  - 0
- 0 . 1 8 1 0 7 3 E - 0 6  0
A r r i v a l  t o o  c l o s e  
0 . 2 6 2 4 4 4 E - 0 6  0
A r r i v a l  t o o  c l o s e  
0 . 7 1 9 1 7 9 E - 0 7  0
0 . 2 7 5 3 4 2 E - 0 6  0
9 6 9 2 0 5 E - 0 6  
6 5 9 7 0 9 E - 0 4  
t o  r e f l e c t .  
93 2 8 9 5 E - 0 6  
t o  r e f l e c t .  
2 5 4 7 0 6 E - 0 6  
9 6 9 2 0 5 E - 0 6
S 1 P 2 P 3 S 3 P 2 P 1
S 1 P 2 S 3 S 3 S 2 S 1
H 1 S 1 P 2 S 3 S 3 S 2 S 1
S 1 P 2 S 3 S 3 S 2 P 1
H 1 S 1 P 2 S 3 S 3 S 2 P 1
S 1 P 2 S 3 S 3 P 2 P 1
S 1 P 2 S 3 P 3 P 2 P 1
RECEIVER # 12 IN  LAYER # 1 ,  RECEIVER POSI :  R= 4 1 . 0 0 0 0  HR= 0 . 0 0 0 0  
SPECIES ARRIVAL TIME VERTICAL COMPO. RADIAL COMP. DIR ND RAYNAME
1 0 . 4 1 0 0 0 3 E + 0 3 0 . 8 9 2 3 0 1 E - 0 4  0 . 1 1 9 1 3 6 E - 0 8 1 1 S I
2 0 . 4 1 4 1 5 2 E + 0 3 0 . 4  5 6 9 7  0E +0 0  - 0 . 9 3 0 3 3 2 E - 0 2 - 1 1 S 1 S 1
2 0 . 8 3 2 4 1 0 E + 0 2 - 0 . 2 7 3 2 3 2 E - 0 4  0 . 5 5 6 2 6 5 E - 0 6 - 1 1 S1 H1 S 1
2 0 . 1 3 6 2 5 4 E + 0 3 - 0 . 1 0 8 0 0 3 E - 0 3  0 . 2 1 9 8 7 9 E - 0 5 - 1 1 S 1 H 2S 1
2 0 . 1 7 3 2 0 4 E + 0 3 O n l y  1 s t  a n d  2 n d  t r e a t e d . - 1 1 S 1 H 3S 1
3 0 . 1 4 4 7 7 5 E + 0 3 0 . 1 9 1 9 4 0 E —03 0 . 8 6 4 2 7 8 E - 0 2 - 1 1 S 1 P 1
4 0 . 4 2 6 7 8 1 E + 0 3 - 0 . 4 1 8 2 3 6 E + 0 0  0 . 3 4 9 3 7 7 E - 0 1 - 1 1 S 1 S 1 S 1 S 1
4 0 . 1 4 3 1 3 1 E + 0 3 0 . 1 9 1 2 0 8 E - 0 4  - 0 . 1 5 9 7 2 7 E - 0 5 - 1 1 S 1 H 1 S 1 S 1 S 1
4 0 . 1 9 5 1 3 4 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 S 1 S 1
4 0 . 2 3 0 7 0 3 E + 0 3 O n l y  1 s t  a n d  2 n d  t r e a t e d . - 1 1 S 1 H 3 S 1 S 1 S 1
5 0 . 2 0 2 2 8 8 E + 0 3 - 0 . 2 0 9 7 4 1 E - 0 3 - 0 . 9 0 2 7 5 0 E - 0 2 - 1 1 S 1 S 1 S 1 P 1
5 0 . 1 2 1 5 6 2 E + 0 3 - 0 . 1 1 8 3 5 0 E - 0 4 - 0 . 5 0 9 3 9 4 E - 0 3 - 1 1 S 1 H 1 S 1 S 1 P 1
5 0 . 1 7 2 0 3 3 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 S 1 P 1
6 0 . 1 7 4 5 0 6 E + 0 3 - 0 . 1 8 1 7 2 8 E - 0 4 - 0 . 4 0 4 0 5 1 E - 0 3 - 1 1 S 1 S 1 P 1 P 1
6 0 . 9 9 9 9 3 7 E + 0 2 0 . 9 9 4 3 4 6 E - 0 4 0 . 2 2 1 0 8 2 E - 0 2 - 1 1 S 1 H 1 S 1 P 1 P 1
6 0 . 1 4 8 9 3 3 E + 0 3 0 . 1 1 1 3 5 7 E - 0 3 0 .  2 4 7 5 8 9 E - 0 2 - 1 1 S 1 H 2 S 1 P 1 P 1
7 0 . 2 0 2 2 8 8 E + 0 3 - 0 . 8 2 0 6 6 7 E - 0 4 0 . 9 2 9 3 9 7 E - 0 3 - 1 1 S 1 S 1 P 1 S 1
7 0 . 1 2 1 5 6 2 E + 0 3 - 0 . 7 0 4 1 3 7 E - 0 6 0 . 7 9 7 4 2 7 E - 0 5 - 1 1 S 1 H 1 S 1 P 1 S 1
7 0 . 1 7 2 0 3 3 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 S 1 P 1 S 1
8 0 . 1 4 7 3 0 1 E + 0 3 - 0 . 9 2 3 2 7 6 E - 0 3 - 0 . 1 4 1 9 5 4 E - 0 1 - 1 1 S 1 P 1 P 1 P 1
8 0 . 7 8 4 2 5 2 E + 0 2 0 . 1 5 8 3 0 4 E - 0 4 0 . 2 4 3 3 9 4 E - 0 3 - 1 1 S 1 H 1 P 1 P 1 P 1
8 0 . 1 2 5 8 3 2 E + 0 3 0 . 1 9 1 7 6 0 E - 0 4 0 . 2 9 4 8 3 2 E - 0 3 - 1 1 S 1 H 2 P 1 P 1 P 1
9 0 . 1 7 4 5 0 6 E + 0 3 0 . 1 3 3 3 4 4 E - 0 3 - 0 . 1 5 3 8 2 4 E - 0 2 - 1 1 S 1 P 1 P 1 S 1
9 0 . 9 9 9 9 3 7 E + 0 2 - 0 . 1 6 7 3 8 0 E - 0 6 0 . 1 9 3 0 8 7 E - 0 5 - 1 1 S 1 H 1 P 1 P 1 S 1
9 0 . 1 4 8 9 3 3 E + 0 3 - 0 . 7 8 5 9 3 2 E - 0 6 0 . 9 0 6 6 4 0 E - 0 5 - 1 1 S 1 H 2 P 1 P 1 S 1
10 0 . 2 0 2 2 8 8 E + 0 3 - 0 . 8 2 0 6 6 7 E - 0 4 0 . 9 2 9 3 9 7 E - 0 3 - 1 1 S 1 P 1 S 1 S 1
10 0 . 1 2 1 5 6 2 E + 0 3 - 0 . 5 4 6 5 4 9 E - 0 6 0 . 6 1 8 9 6 0 E - 0 5 - 1 1 S 1 H 1 P 1 S 1 S 1
10 0 . 1 7 2 0 3 3 E + 0 3 A r r i v a l  t o o  l a t e . - 1 1 S 1 H 2 P 1 S 1 S 1
11 0 . 1 7 4 5 0 6 E + 0 3 0 . 2 6 7 6 6 8 E - 0 4 0 . 5 9 5 1 3 0 E - 0 3 - 1 1 S 1 P 1 S 1 P 1
11 0 . 9 9 9 9 3 7 E + 0 2 0 . 5 1 4 8 3 7 E - 0 5 0 . 1 1 4 4 6 8 E - 0 3 - 1 1 S 1 H 1 P 1 S 1 P 1
11 0 . 1 4 8 9 3 3 E + 0 3 0 . 5 7 6 5 6 6 E - 0 5 0 . 1 2 8 1 9 3 E - 0 3 - 1 1 S 1 H 2 P 1 S 1 P 1
12 0 . 1 4 0 8 4 2 E + 0 3 0 . 1 2 4 6 8 1 E - 0 4 - 0 . 3 6 6 1 3 4 E - 0 3 - 1 1 S 1 S 2 S 2 S 1
12 0 . 1 0 4 9 2 4 E + 0 3 0 . 2 6 5 3 5 0 E - 0 6 - 0 . 7 7 9 2 1 7 E - 0 5 - 1 1 S 1 S 2 H 1 S 2 S 1
12 0 . 1 0 8 7 9 2 E+03 0 . 5 3 4 8 2 5 E - 0 7 - 0 . 1 5 7 0 5 5 E - 0 5 - 1 1 S 1 H 2 S 2 S 2 S 1
12 0 . 1 3 4 4 9 5 E + 0 3 O n l y  1 s t  a n d  2 n d  t r e a t e d . - 1 1 S 1 H 3 S 2 S 2 S 1
13 0 . 1 1 7 9 7 0 E + 0 3 - 0 . 5 2 5 1 2 9 E - 0 3 - 0 . 2 3 3 1 8 3 E - 0 2 - 1 1 S 1 S 2 S 2 P 1
13 0 . 8 3 4 0 0 7 E + 0 2 0 . 5 9 3 1 6 9 E - 0 4 0 . 2 6 3 3 9 6 E - 0 3 - 1 1 S 1 S 2 H 1 S 2 P 1
13 0 . 8 7 2 2 3 6 E + 0 2 0 . 9 8 2 9 5 9 E - 0 5 0 . 4 3 6 4 8 1 E - 0 4 - 1 1 S 1 H 2 S 2 S 2 P 1
13 0 . 1 1 2 2 2 6 E + 0 3 O n l y  1 s t  a n d  2 n d  t r e a t e d . - 1 1 S 1 H 3 S 2 S 2 P 1
























































0 . 9 6 4 0 0 6 E + 0 2  
0 . 6 3 1 0 7 7 E + 0 2  
0 . 6 2 1 9 8 6 E + 0 2  
0 . 8 4  6 6 1 0 E + 0 2  
0 . 8 3 7 2 19 E +0 2  
0 . 9  6 4 0 0 6 E + 0 2  
0 . 7 4 8 3 6 7 E + 0 2  
0 . 4 4 7 1 7 1 E + 0 3  
0 . 2 0 3 0 2 0 E + 0 3  
0 . 2 5 4 0 1 4 E + 0 3  
0 . 2 8 8 2 0 2 E + 0 3  
0 . 2 5 9 8 0 3 E + 0 3  
0 . 1 8 1 4 5 2 E + 0 3  
0 . 2 3 0 9 1 4 E + 0 3  
0 . 2  32  0 6 6 E + 0 3  
0 . 1 5 9 8 8 3 E + 0 3  
0 . 2 0 7 8 13E +03  
0 . 2 5 9 8 0 3 E + 0 3  
0 . 1 8 1 4 5 2 E + 0 3  
0 . 2 3 0 9 1 4 E + 0 3  
0 . 2  0 4 9 2 7 E + 0 3  
0 . 1 3 8 3 1 5 E + 0 3  
0 . 1 8 4 7 12E +0 3  
0 . 2 3 2 0 6 6 E + 0 3  
0 . 1 5 9 8 8 3 E + 0 3  
0 . 2 0 7 8 13E +0 3  
0 . 2 5 9 8 0 3 E+03  
0 . 1 8 1 4 5 2 E + 0 3  
0 . 2 3  0 9 14 E +0 3  
0 . 2 3 2 0 6 6 E + 0 3  
0 . 1 5 9 8 8 3 E + 0 3  
0 . 2 0 7 8 1 3 E + 0 3  
0 . 1 7 8 3 2 2 E + 0 3  
0 . 1 1 6 7 4 6 E + 0 3  
0 . 1 6 1 6 1 1 E + 0 3  
0 . 2 0 4 9 2 7 E + 0 3  
0 . 1 3 8 3 1 5 E + 0 3  
0 . 1 8 4 7 1 2 E + 0 3  
0 . 2 3 2 0 6 6 E + 0 3  
0 . 1 5 9 8 8 3 E + 0 3  
0 . 2 0 7 8 1 3 E + 0 3  
0 . 2 0 4 9 2 7 E + 0 3  
0 . 1 3 8 3 1 5 E + 0 3  
0 . 1 8 4 7 1 2 E + 0 3  
0 . 2 5 9 8 0 3 E + 0 3  
0 . 1 8 1 4 5 2 E + 0 3  
0 . 2 3 0 9 1 4 E + 0 3  
0 . 2 3 2 0 6 6 E + 0 3  
0 . 1 5 9 8 8 3 E + 0 3  
0 . 2 0 7 8 1 3 E + 0 3  
0 . 2 0 4 9 2 7 E + 0 3  
0 . 1 3 8 3 1 5 E + 0 3  
0 . 1 8 4 7 1 2 E + 0 3  
0 . 1 5 2 1 9 4 E + 0 3
0 . 1 9 2 1 3 3 E —0 6  - 0  
0 . 1 0 4 8 7 3 E - 0 4  0
- 0 . 1 9 1 6 7 0 E - 0 4  - 0
0 . 3 2 8 3 8 6 E - 0 6  - 0
- 0 . 5 0 1 7 8 3 E - 0 6  0
- 0 . 1 9 2 1 3 3 E - 0 6  0
0 . 1 2 9 8 8 4 E - 0 6  0
0 . 2 7 1 0 4 3 E + 0 0  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
O n l y  1 s t  a n d  2n d  
- 0 . 2 4 0 8 2 8 E - 0 4  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 8 4  5 8 7 I E —04  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 9 4 2 0 6 9 E - 0 5  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 2 2 7 4 7 6 E - 0 3  0
- 0 . 3 2 5 6 8 6 E - 0 5  - 0
A r r i v a l  t o o  l a t e .  
- 0 . 6 2 4 3 2 3 E - 0 3  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 94 2 0 6 9 E —05  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 1 3 1 1 3 1 E - 0 3  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .
0 . 1 7 2 5 1 8 E - 0 3  0
- 0 . 4 4 9 9 8 4 E - 0 4  - 0
A r r i v a l  t o o  l a t e .  
0 . 8 5 6 3 3 5 E - 0 4  - 0
0 . 1 1 3 4 1 2 E —05  - 0
A r r i v a l  t o o  l a t e .
0 . 3 2 6 6 7 3 E - 0 4  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
0 . 2 6 0 6 2 7 E - 0 4  0
0 . 7 0 9 7 9 5 E —05  0
A r r i v a l  t o o  l a t e .  
- 0 . 9 4 2 0 6 8 E - 0 5  0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
- 0 . 1 3 1 1 3 1 E - 0 3  - 0
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
0 . 2 6 0 6 2 7 E —04 0
0 . 7  0 9 7 9 6 E - 0 5  0
A r r i v a l  t o o  l a t e .  
- 0 . 4 5 8 2 1 7 E - 0 3  - 0
. 5  3 8 57 3E —04  
. 3 7 4 0 3  5 E - 0 4  
. 6 8 3 6 0 4 E - 0 4  
. 9 9 6 7 1 8 E - 0 4  
. 1 5 2 3 0 1 E - 0 3  
. 5 3 8 5 7 3 E - 0 4  
. 4 6 3 9 9 4 E - 0 6  
. 5 1 3 7 4 7 E - 0 1
t r e a t e d .
. 9 8 8 7 5 5 E - 0 3
. 1 7 9 8 4 6 E —02
. 1 0 6 7 5 9 E - 0 3
3 3 5 4 3 2 E —02  
4 8 0 2 5 1 E - 0 4
7 2 1 9 2 6 E - 0 2
. 1 0 6 7 5 9 E —03
2 7 8 8 0 6 E —02
1 9 9 0 6 6 E - 0 2  
5 1 9 2 3 2 E —03
1 0 2 0 8 9 E —02  
1 3 5 2 0 6 E —04
3 7 7 7 4 3 E —03
3 8 4 3 1 6 E - 0 3
1 0 4 6 6 5 E - 0 3
1 0 6 7 5 8 E - 0 3
2 7 8 8 0 6 E - 0 2
3 8 4 3 1 6 E - 0 3  
1 0 4 6 6 5 E - 0 3
4 4 2 0 9 0 E - 0 2
S 1 S 2 P 2 S 1
S 1 P 2 P 2 P 1
S1P 2H1 P2  PI
S 1 P 2 P 2 S 1
S 1 P 2 H 1 P 2 S 1
S 1 P 2 S 2 S 1
S 1 P 2 S 2 P 1
S 1 S 1 S 1 S 1 S 1 S 1
H I S  I S  I S  IS  IS  IS  1
H 2 S I S I S I S I S I S 1
H 3 S 1 S 1 S 1 S 1 S 1 S 1
S 1 S 1 S 1 S 1 S 1 P 1
H I S I S I S I S I S  I P 1
H 2 S 1 S 1 S 1 S 1 S 1 P 1
S 1 S 1 S 1 S 1 P 1 P 1
H I S I S I S I S I P I P 1
H 2 S 1 S 1 S 1 S 1 P 1 P 1
S 1 S 1 S 1 S 1 P 1 S 1
H 1 S 1 S 1 S 1 S 1 P 1 S 1
H 2 S 1 S 1 S 1 S 1 P 1 S 1
S 1 S 1 S 1 P 1 P 1 P 1
S 1 H 1 S 1 S 1 P 1 P 1 P 1
S 1 H 2 S 1 S 1 P 1 P 1 P 1
S 1 S 1 S 1 P 1 P 1 S 1
H 1 S 1 S 1 S 1 P 1 P 1 S 1
H 2 S 1 S 1 S 1 P 1 P 1 S 1
S 1 S 1 S 1 P 1 S 1 S 1
H I S I S I S I P I S I S 1
H 2 S 1 S 1 S 1 P 1 S 1 S 1
S 1 S 1 S 1 P 1 S 1 P 1
H 1 S 1 S 1 S 1 P 1 S 1 P 1
H 2 S 1 S 1 S 1 P 1 S 1 P 1
S 1 S 1 P 1 P 1 P 1 P 1
S 1 H 1 S 1 P 1 P 1 P 1 P 1
S 1 H 2 S 1 P 1 P 1 P 1 P 1
S 1 S 1 P 1 P 1 P 1 S 1
S 1 H 1 S 1 P 1 P 1 P 1 S 1
S 1 H 2 S 1 P 1 P 1 P 1 S 1
S 1 S 1 P 1 P 1 S 1 S 1
H I S I S 1 P 1 P 1 S 1 S 1
H 2 S 1 S 1 P 1 P 1 S 1 S 1
S 1 S 1 P 1 P 1 S 1 P 1
S 1 H 1 S 1 P 1 P 1 S 1 P 1
S 1 H 2 S 1 P 1 P 1 S 1 P 1
S 1 S 1 P 1 S 1 S 1 S 1
H I S I S 1 P I S I S I S 1
H 2 S 1 S 1 P 1 S 1 S 1 S 1
S 1 S 1 P 1 S 1 S 1 P 1
H I S I S I P I S I S 1 P 1
H 2 S 1 S 1 P 1 S 1 S 1 P 1
S 1 S 1 P 1 S 1 P 1 P 1
S 1 H 1 S 1 P 1 S 1 P 1 P 1
S 1 H 2 S 1 P 1 S 1 P 1 P 1
























































9 5 1 7 8 0 E + 0 2  
1 3 8 5 1 0 E + 0 3  
1 7 8 3 2 2 E + 0 3  
1 1 6 7 4 6 E + 0 3  
1 6 1 6 1 1 E + 0 3  
2 0 4 9 2 7 E + 0 3  
1 3 8 3 1 5 E +0 3  
1 8 4 7 1 2 E+03  
1 7 8 3 2 2 E + 0 3  
1 1 6 7 4 6 E + 0 3  
1 6 1 6 1 1 E + 0 3  
2 3 2 0 6 6 E + 0 3  
1 5 9 8 8 3 E + 0 3  
2 0 7 8 13 E +0 3  
2 0 4 9 2 7 E + 0 3  
1 3 8 3 15 E +0 3  
1 8 4 7 12 E +0 3  
1 7 8 3  2 2 E +0 3  
1 1 6 7  4 6E +03  
1 6 1 6 1 1 E + 0 3  
2 5 9 8 0 3 E + 0 3  
1 8 1 4 5 2 E + 0 3  
2 3 0 9 14E +0 3  
2 3 2 0 6 6 E + 0 3  
1 5 9 8 8 3 E + 0 3  
2 0 7 8 1 3 E + 0 3  
2 0 4 9 2 7 E + 0 3  
1 3 8 3 1 5 E +0 3  
1 8 4 7 1 2 E + 0 3  
1 7 8 3 2 2 E + 0 3  
1 1 6 7 4 6 E + 0 3  
1 6 1 6 1 1 E + 0 3  
1 5 3 2 4 2 E + 0 3  
1 3 0 9 2 1 E + 0 3  
1 3 4 3 4 3 E + 0 3  
15 2  5 19 E +0 3  
1 3 0 7 8 0 E + 0 3  
1 0 9 3 9 8 E + 0 3  
1 1 2 7 7 5 E + 0 3  
1 3 0 2 4 9 E + 0 3  
1 0 0 4 4 0 E + 0 3  
9 8 7 9 6 8 E + 0 2  
1 2 2 0 0 3 E + 0 3  
1 2 0 3 2 0 E + 0 3  
8 8 8 2 6 5 E + 0 2  
8 8 1 9 5 7 E + 0 2  
1 1 0 3 7 6 E + 0 3  
1 0 9 7 1 9 E + 0 3  
1 2 2 0 0 3 E + 0 3  
1 2 0 3 2 0 E + 0 3  
0 . 1 0 0 4 4 0 E + 0 3  
0 . 9 8 7 9 6 8 E + 0 2  
0 . 7 7 7 2 6 1 E + 0 2  
0 . 7 7 5 9 4 7 E + 0 2
- 0 . 4 1 6 4 4 9 E - 0 5  - 0 . 4 0 1 7 9 2 E - 0 4
- 0 . 6 3 3 1 0 1 E - 0 5  - 0 . 6 1 0 8 1 9 E - 0 4
- 0 . 1 0 2 7 4 9 E - 0 2  0 . 1 2 7 3 0 6 E - 0 1
0 . 1 7 0 3 1 6 E - 0 6  - 0 . 2 1 1 0 2 0 E - 0 5
A r r i v a l  t o o  l a t e .
0 . 8 5 6 3 3 5E—04 - 0 . 1 0 2 0 8 9 E - 0 2  
- 0 . 23  3 4 3  3 E - 0 6  0 . 2 7 8 2 9 0 E - 0 5
A r r i v a l  t o o  l a t e .
- 0 . 4 0 0 7 2 3 E - 0 3  - 0 . 4 6 2 3 9 0 E - 0 2
0 . 2 9 6 9 7 1 E - 0 5  0 . 3 4 2 6 7 1 E - 0 4
A r r i v a l  t o o  l a t e .
- 0 . 6 2 4 3 2 3 E - 0 3  0 . 7 2 1 9 2 6 E - 0 2
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
- 0 . 4 9 5 7 5 7 E - 0 3  - 0 . 7 3 1 0 3 6 E - 0 2
- 0 . 1 2 0 6 4 3 E - 0 5  - 0 . 1 7 7 8 9 9 E - 0 4
A r r i v a l  t o o  l a t e .
- 0 . 4 0 0 7 2 3 E—03 - 0 . 4 6 2 3 9 0 E - 0 2  
0 . 2 9 6 9 7 I E —05  0 . 3 4 2 6 7 1 E - 0 4
A r r i v a l  t o o  l a t e .
- 0 . 9 4 2 0 6 9 E—05  0 . 1 0 6 7 5 9 E - 0 3
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
- 0 . 1 3 1 1 3 1 E - 0 3  - 0 . 2 7 8 8 0 6 E - 0 2
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .  
0 . 2 6 0 6 2 7 E - 0 4  0 . 3 8 4 3 1 6 E - 0 3
0 . 2 2 9 4 8 4 E - 0 4  0 . 3 3 8 3 9 4 E - 0 3
A r r i v a l  t o o  l a t e .  
- 0 . 4 0 0 7 2 3 E - 0 3  - 0 . 4 6 2 3 9 0 E - 0 2  
0 . 2 9 6 9 7 I E - 0 5  0 . 3 4 2 6 7 1 E - 0 4
A r r i v a l  t o o  l a t e .
0 . 4 0 1 2 1 9 E - 0 4  - 0 . 1 5 7 4 6 2 E - 0 2  
0 . 2 3 1 0 2 1 E - 0 7  - 0 . 9 0 6 6 6 4 E - 0 6
0 . 4 8 7 5 3 6 E - 0 8  - 0 . 1 9 1 3 3 9 E - 0 6
O n l y  1 s t  a n d  2 n d  t r e a t e d .
- 0 . 1 7 4 6 3 8 E - 0 3  - 0 . 7 2 0 0 3 8 E - 0 3
- 0 . 1 5 6 8 1 8 E - 0 4  - 0 . 6 4 6 5 6 4 E - 0 4
- 0 . 2 7 2 4 0 6 E - 0 5  - 0 . 1 1 2 3 1 4 E - 0 4
O n l y  1 s t  a n d  2 n d  t r e a t e d .  
- 0 . 2 5 0 2 6 0 E - 0 6  - 0 . 8 9 3 8 4 2 E - 0 6
- 0 . 1 0 2 3 3 3 E - 0 5  
- 0 . 8 2 3 5 1 7 E - 08  
- 0 . 2 7 9 4 9 5 E - 0 7  
0 . 7 4 2 7 7 6 E - 0 6  
- 0 . 1 0 3 2 7 0 E - 0 4  
0 . 2 3 4 1 1 4 E —07  
- 0 . 2 6 7 7 7 5 E - 0 6  
- 0 . 2 2 1 7 0 9 E - 0 7  
- 0 . 3 0 5 3 9 9 E - 0 6  
0 . 1 6 8 6 2 9 E - 0 7  
0 . 2 7 8 0 7 6 E - 0 6  
- 0 . 1 1 0 7 5 3 E - 0 4  
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,
- 0 . 3 6 5 4 9 8 E - 0 5  
0 . 2 3 2 9 7 3 E - 0 5  
0 . 7 9 0 6 9 4 E - 0 5  
0 . 2 6 4 7 8 0 E - 0 5  
- 0 . 3 6 8 1 3 I E - 04  
- 0 . 7 2 9 5 2 4 E - 0 5  
0 . 8 3 4 4 1 6 E - 0 4  
0 . 6 2 7 2 1 6 E - 0 5  
0 . 8 6 3 9 7 5 E - 0 4  
0 . 6 0 2 2 8 5 E - 0 7  
0 . 9 9 3 1 9 3 E - 0 6  
- 0 . 3 9 3 9 5 9 E - 0 4
S 1 H 1 P 1 P 1 P 1 P 1 P 1
S 1 H 2 P 1 P 1 P 1 P 1 P 1
S 1 P 1 P 1 P 1 P 1 S 1
S 1 H 1 P 1 P 1 P 1 P 1 S 1
S 1 H 2 P 1 P 1 P 1 P 1 S 1
S 1 P 1 P 1 P 1 S 1 S 1
S 1 H 1 P 1 P 1 P 1 S 1 S 1
S 1 H 2 P 1 P 1 P 1 S 1 S 1
S 1 P 1 P 1 P 1 S 1 P 1
S 1 H 1 P 1 P 1 P 1 S 1 P 1
S 1 H 2 P 1 P 1 P 1 S 1 P 1
S 1 P 1 P 1 S 1 S 1 S 1
H 1 S 1 P 1 P 1 S 1 S 1 S 1
H 2 S 1 P 1 P 1 S I S I S 1
S 1 P 1 P 1 S 1 S 1 P 1
S 1 H 1 P 1 P 1 S I S 1 P 1
S1H2 P 1 P 1 S I S 1 P 1
S 1 P 1 P 1 S 1 P 1 P 1
S 1 H 1 P 1 P 1 S 1 P 1 P 1
S 1 H 2 P 1 P 1 S 1 P 1 P 1
S 1 P 1 S 1 S 1 S 1 S 1
H I S 1 P I S I S I S I S  1
H 2 S 1 P 1 S 1 S 1 S 1 S 1
S 1 P 1 S 1 S 1 S 1 P 1
H 1 S 1 P 1 S 1 S 1 S 1 P 1
H 2 S 1 P 1 S 1 S 1 S 1 P 1
S 1 P 1 S 1 S 1 P 1 P 1
S 1 H 1 P 1 S 1 S 1 P 1 P 1
S 1 H 2 P 1 S 1 S 1 P 1 P 1
S 1 P 1 S 1 P 1 P 1 P 1
S 1 H 1 P 1 S 1 P 1 P 1 P 1
S 1 H 2 P 1 S I P 1 P I P I
S 1 S 2 S 2 S 2 S 2 S 1
S 1 S 2 H 1 S 2 S 2 S 2 S 1
S 1 H 2 S 2 S 2 S 2 S 2 S 1
S 1 H 3 S 2 S 2 S 2 S 2 S 1
S 1 S 2 S 2 S 2 S 2 P 1
S 1 S 2 H 1 S 2 S 2 S 2 P 1
S 1 H 2 S 2 S 2 S 2 S 2 P 1
S 1 H 3 S 2 S 2 S 2 S 2 P 1
S 1 S 2 S 2 S 2 P 2 P 1
S 1 S 2 H 1 S 2 S 2 P 2 P 1
S 1 S 2 S 2 S 2 P 2 S 1
S 1 S 2 H 1 S 2 S 2 P 2 S 1
S 1 S 2 S 2 P 2 P 2 P 1
S 1 S 2 H 1 S 2 P 2 P 2 P 1
S 1 S 2 S 2 P 2 P 2 S 1
S 1 S 2 H 1 S 2 P 2 P 2 S 1
S 1 S 2 S 2 P 2 S 2 S 1
S 1 S 2 H 1 S 2 P 2 S 2 S 1
S 1 S 2 S 2 P 2 S 2 P 1
S 1 S 2 H 1 S 2 P 2 S 2 P 1
S 1 S 2 P 2 P 2 P 2 P 1
























































9 9 2 6 2 1E+02  
9 9 1 1 8 0 E + 0 2  
1 1 0 3 7 6 E + 0 3  
1 0 9 7 1 9E +0 3  
8 8 8 2 6 5 E + 0 2  
8 8 1 9 5 7 E + 0 2  
1 2 2 0 0 3 E + 0 3  
1 2 0 3 2 0 E + 0 3  
1 0 0 4 4  0E +03  
9 8 7 9 6 8 E + 0 2  
8 8 8 2  6 5 E + 0 2  
8 8 1 9 5 7 E + 0 2  
6 6 9 9 4 2 E + 0 2  
8 8 5 1 7 0 E + Q 2  
9 9 2 6 2 1 E + 0 2  
0 . 9 9 1 1 8 0 E + 0 2  
0 .  7 7 7 2 6 1 E + 0 2  
0 .  7 7 5 9 4 7 E + 0 2  
0 . 1 1 0 3 7  6E +03  
0 . 1 0 9 7 1 9 E + 0 3  
0 . 8 8 8 2 6 5 E + 0 2  
0 . 8 8 1 9 5 7 E + 0 2  
7 7 7 2 6 1 E + 0 2  
7 7 5 9 4 7 E + 0 2  
1 2 2 0 0 3 E + 0 3  
1 2 0 3 2 0 E + 0 3  
1 0 0 4 4 0 E + 0 3  
0 . 9 8 7 9 6 8 E + 0 2  
0 . 8 8 8 2 6 5 E + 0 2  
0 . 8 8 1 9 5 7 E + 0 2  
0 . 7 7 7 2 6 1 E + 0 2  
7 7 5 9 4 7 E + 0 2  
1 9 9 8 4 9 E + 0 3  
1 6 4 8 4 9 E + 0 3  
1 6 8 6 8 2 E + 0 3  
1 9 3 8 8 0 E + 0 3  
1 7 6 9 8 8 E + 0 3  
0 . 1 4 3 3 2 6 E + 0 3  
0 . 1 4 7 1 1 3 E + 0 3  
0 . 1 7 1 6 1 0 E + 0 3  
0 . 1 5 4 1 4 9 E + 0 3  
0 . 1 2 1 8 0 2 E + 0 3  
0 . 1 2 5 5 4 5 E + 0 3  
0 . 1 4 9 3 4 1E+03  
0 . 1 7 6 9 8 8 E + 0 3  
0 . 1 4 3 3 2 6 E + 0 3  
0 . 1 4 7 1 1 3 E + 0 3  
0 . 1 7 1 6 1 0 E + 0 3  
0 . 1 3 1 3 3 3 E + 0 3  
0 . 1 0 0 2 7 9 E + 0 3  
0 . 1 0 3 9 7 6 E + 0 3  
0 . 1 2 7 0 7 2 E + 0 3  
0 . 1 5 4 1 4 9 E + 0 3  
0 . 1 2 1 8 0 2 E + 0 3
- 0 . 2 9 1 3 8  QE—0 6  0 .  1 0 2 4 3 1 E - 0 3
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,
- 0 . 2 8 3 3 7 8 E - 0 7  
0 . 1 7 1 4 9 2 E - 0 5  
0 . 3 0 3 5 3 6 E - 0 7  
- 0 . 2 5 1 3  6 8 E - 0 5  
- 0 . 2 2 1 7 0 9 E - 0 7  
- 0 . 8 7 1 7  6 2 E - 0 7  
0 . 1 6 8 6 2 9 E - 0 7  
0 . 8 0 2 1 9 9 E—07  
0 . 7 2 3 4 2 0 E - 0 7  
0 . 1 4 0 3 0 0 E - 0 5  
0 . 1 2 4 9 0 0 E - 0 4  
0 . 3 7 3 6 4 4 E - 0 6  
0 . 2 9 1 3 8 0 E —06
0 . 8 8  3 0 3 8 E - 0 5  
- 0 . 5 3 4 3 8 7 E - 0 3  
0 . 1 0 8 2 0 2 E - 0 6  
- 0 . 8 9 6 0 6 1 E - 0 5  
0 . 6 2 7 2 1 6 E - 0 5  
0 . 2 4 6 6 2 2 E - 0 4  
0 . 6 0 2 2 8 5 E - 0 7  
0 . 2 8 6 5 1 8 E - 0 6  
0 . 2 5 7 8 8 0 E - 0 6  
0 . 5 0 0 1 3  I E - 0 5  
0 . 4 4 3 3 8 9 E - 0 4  
- 0 . 1 4 9 4 7 9 E - 0 3  
- 0 . 1 0 2 4 3 1 E - 0 3
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
- 0 . 4 5 0 4 1 8 E - 0 6  - 0 . 1 6 0 2 1 8 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,
- 0 . 23  4 1 1 4 E —07  
0 . 2  0 5 2  6 4 E —0 6  
0 . 27  5 7 9 9 E —07  
- 0 . 2 9 4 5 6 9 E - 0 6  
- 0 . 1 1 1 9 9 9 E - 0 5
0 . 7 2 9 5 2 4 E - 0 5  
- 0 . 6 3 9 6 2 6 E - 0 4  
0 . 9 8 3 1 4 9 E - 0 7  
- 0 . 1 0 5 0 0 6 E - 0 5  
- 0 . 3 9 8 3 9 3 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t ,  
0 . 8 2  3 5 1 7 E —08  - 0 . 2 3 2 9 7 3 E - 0 5
0 . 2 3 1 6 9 3 E - 0 7  
- 0 . 6 2 6 0 9 6 E - 0 8  
- 0 . 2 1 1 4 1 9 E - 0 7  
- 0 . 2 6 3 7 1 9 E —07  
- 0 . 2 4 2 9 3 0 E - 0 6  
- 0 . 1 1 1 9 9 9 E - 0 5
- 0 . 6 5 5 4  6 0 E - 05  
- 0 . 2 2 3 6 2 0 E - 0 7  
- 0 . 7 5 5 1 1 4 E - 0 7  
- 0 . 9 4 0 0 8 8 E - 0 7  
- 0 . 8 6 5 9 8 0 E - 0 6  
- 0 . 3 9 8 3 9 3 E - 0 5
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .
0 . 5 8 7 2 8 2 E —04 - 0 . 1 7 3 5 8 2 E - 0 2
A r r i v a l  t o o  l a t e .
A r r i v a l  t o o  l a t e .
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 1 0 6 9 4 9 E - 0 3  0 . 4 7 3 8 5 5 E - 0 3
0 . 4 5 7 7 3 2 E—05  0 . 2 0 2 8 0 6 E - 0 4
0 . 7  6 0 8 6 5E—06  0 . 3 3 7 1 1 5 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 1 5 5 0 5 5 E —04 0 . 6 8 4 1 9 9 E - 0 4
0 . 1 1 2 1 7 9 E - 0 4  0 . 4 9 5 0 0 3 E - 0 4
0 . 1 8 y 2 5 6 E - 0 5  0 . 8 2 6 2 9 1 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
0 . 1 5 2 8 5 2 E - 0 4  - 0 . 4 5 7 3 5 6 E - 0 3  
- 0 . 2 9 7 8 4 9E—0 6  0 . 8 9 1 2 0 7 E - 0 5
- 0 . 6 0 4 6 1 9 E - 0 7  0 . 1 8 0 9 1 1 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .  
- 0 . 9 8 3 8 5 8 E - 0 4  - 0 . 4 3 2 2 1 1 E - 0 3
0 . 1 1 3 7 4 2 E —04  0 . 4 9 9 6 7 1 E - 0 4
0 . 1 9 0 6 8 6 E —0 5  0 . 8 3 7 6 8 8 E - 0 5
O n l y  1 s t  a n d  2 n d  t r e a t e d .
- 0 . 1 7 3 6 2 0 E - 0 3  0 . 5 2 6 6 6 3 E - 0 2
- 0 . 3 5 4 0 4 5 E - 0 6  0 . 1 0 7 3 9 7 E - 0 4
S1S2P2P2P2S1
H 1 S 1 S 2 P 2 P 2 P 2 S 1
S 1 S 2 P 2 P 2 S 2 S 1
S 1 S 2 H 1 P 2 P 2 S 2 S 1
S 1 S 2 P 2 P 2 S 2 P 1
S 1 S 2 H 1 P 2 P 2 S 2 P 1
S 1 S 2 P 2 S 2 S 2 S 1
S 1 S 2 H 1 P 2 S 2 S 2 S 1
S 1 S 2 P 2 S 2 S 2 P 1
S 1 S 2 H 1 P 2 S 2 S 2 P 1
S 1 S 2 P 2 S 2  P2 PI
S 1 S 2 H 1 P 2 S 2 P 2 P 1
S 1 P 2 P 2 P 2 P 2 P 1
S 1 P 2 P 2 P 2 P 2 S 1
S 1 P 2 P 2 P 2 S 2 S 1
H 1 S 1 P 2 P 2 P 2 S 2 S 1
S 1 P 2 P 2 P 2 S 2 P 1
H 1 S 1 P 2 P 2 P 2 S 2 P 1
S 1 P 2 P 2 S 2 S 2 S 1
S 1 P 2 H 1 P 2 S 2 S 2 S 1
S 1 P 2 P 2 S 2 S 2 P 1
S 1 P 2 H 1 P 2 S 2 S 2 P 1
S 1 P 2 P 2 S 2 P 2 P 1
H 1 S 1 P 2 P 2 S 2 P 2 P 1
S 1 P 2 S 2 S 2 S 2 S 1
S 1 P 2 H 1 S 2 S 2 S 2 S 1
S 1 P 2 S 2 S 2 S 2 P 1
S 1 P 2 H 1 S 2 S 2 S 2 P 1
S 1 P 2 S 2 S 2 P 2 P 1
S 1 P 2 H 1 S 2 S 2 P 2 P 1
S 1 P 2 S 2 P 2 P 2 P 1
H 1 S 1 P 2 S 2 P 2 P 2 P 1
S 1 S 2 S 2 S 1 S 1 S 1
H 1 S 1 S 2 S 2 S 1 S 1 S 1
H 2 S 1 S 2 S 2 S 1 S 1 S 1
H 3 S 1 S 2 S 2 S 1 S 1 S 1
S 1 S 2 S 2 S I S 1 P 1
SIS2HIS2SIS1PI
S 1 H 2 S 2 S 2 S 1 S 1 P 1
S 1 H 3 S 2 S 2 S 1 S 1 P 1
S 1 S 2 S 2 S 1 P 1 P 1
S 1 S 2 H 1 S 2 S 1 P 1 P 1
S 1 H 2 S 2 S 2 S 1 P 1 P 1
S 1 H 3 S 2 S 2 S 1 P 1 P 1
S 1 S 2 S 2 S 1 P 1 S 1
S 1 S 2 H 1 S 2 S 1 P 1 S 1
S 1 H 2 S 2 S 2 S 1 P 1 S 1
S 1 H 3 S 2 S 2 S 1 P 1 S 1
S 1 S 2 S 2 P 1 P 1 P 1
S 1 S 2 H 1 S 2 P 1 P 1 P 1
S 1 H 2 S 2 S 2 P 1 P 1 P 1
S 1 H 3 S 2 S 2 P 1 P 1 P 1

























































0 . 1 2 5 5 4 5 E + 0 3  
0 . 1 4 9 3 4 1E+03  
0 . 1 7 6 9 8 8 E + 0 3  
0 . 1 4 3 3 2 6 E + 0 3  
0 . 1 4 7 1 1 3 E + 0 3  
0 . 1 7 1 6 1 0 E + 0 3  
0 . 1 5 4 1 4 9 E + 0 3  
0 . 1 2 1 8 0 2 E + 0 3  
0 . 1 2 5 5 4 5 E + 0 3  
0 . 1 4 9 3 4 1 E + 0 3  
0 . 9 1 6 0 2 9 E + 0 2  
0 . 1 1 3 1 6 6 E + 0 3  
0 . 1 3 4 7 3 0 E + 0 3  
0 . 1 1 3 1 6 6 E + 0 3  
0 . 1 5 6 2 9 4 E + 0 3  
0 . 1 5 4 2 4 8 E + 0 3  
0 . 1 3 4 7 3 0 E + 0 3  
0 . 1 1 3 1 6 6 E + 0 3  
0 . 7 9 9 0 4 2 E + 0 2  
0 . 7 9 0 7 6 9 E + 0 2  
0 . 1 0 1 4 5 7 E + 0 3  
0 . 1 0 0 6 0 0 E + 0 3  
0 . 1 2 3 0 0 9 E + 0 3  
0 . 1 2 2 1 2 4 E + 0 3  
0 . 1 0 1 4 5 7 E + 0 3  
0 . 1Q06QQE+03  
0 . 1 4 4 5 6 2 E + 0 3  
0 . 1 4 3 6 4 7 E + 0 3  
0 . 1 2 3 0 0 9 E + 0 3  
0 . 1 2 2 1 2 4 E + 0 3  
0 . 1 0 1 4 5 7 E + 0 3  
0 . 1 0 0 6 0 0 E + 0 3  
0 . 1 5 6 2 9 4 E + 0 3  
0 . 1 5 4 2 4 8 E + 0 3  
0 . 1 3 4 7 3 0 E + 0 3  
0 . 1 1 3 1 6 6 E + 0 3  
0 . 9 1 6 0 2 9 E + 0 2  
0 . 1 6 3 3 3 5 E + 0 3  
0 . 1 6 0 5 3 8 E + 0 3  
0 . 1 6 1 4 9 6 E + 0 3  
0 . 1 4 1 5 8 9 E + 0 3  
0 . 1 3 8 9 6 9 E + 0 3  
0 . 1 3 9 8 9 7 E + 0 3  
0 . 1 2 6 9 2 0 E + 0 3  
0 . 1 2 6 3 2 8 E + 0 3  
0 . 1 4 8 4 7 4 E + 0 3  
0 . 1 4 7 8 5 1 E + 0 3  
0 . 1 0 3 1 4 7 E + 0 3  
0 . 1 2 4 6 3 7 E + 0 3  
0 . 1 3 4 6 7 7 E + 0 3  
0 . 1 1 3 1 8 1 E + 0 3  
0 . 8 2 3 7 4 4 E + 0 2  
0 . 1 0 3 8 4 4 E + 0 3  
0 . 1 1 3 5 7 3 E + 0 3
- 0 . 7 2 1 7 2 6 E - 0 7  0
O n l y  1 s t  a n d  2nd  
0 . 2 3 2 7 0 1 E - 0 4  - 0
- 0 . 4 1 7 9 1 9 E - 0 5  0
- 0 . 8 4 8 3 5 5 E - 0 6  0
O n l y  1 s t  a n d  2nd  
- 0 . 1 6 8 1 2 2 E - 0 3  - 0
0 . 1 9 0 7 9 0 E - 0 4  0
0 . 3 1 8 4 7 9 E - 0 5  0
O n l y  1 s t  a n d  2nd  
0 . 5 5 5 4 4 0 E - 0 5  0
0 . 2 0 5 5 1 2 E - 0 7  - 0
- 0 . 5 3 9 6 7 2 E - 0 7  0
0 . 2 3 1 8 7  3 E - 0 7  0
- 0 . 1 2 5 3 0 8 E - 0 6  0
A r r i v a l  t o o  l a t e .
0 . 5 3 2 7 0 9 E - 0 7  0
0 . 2 0 8 7 4 8 E - 0 6  0
0 . 8 6 5 2 7 7 E - 0 5  0,
- 0 . 1 7 7 3 8 1 E - 0 4  - 0 ,
0 . 5 4 6 8 8 5 E - 0 7  - 0 ,
0 . 1 9 7 1 2 1 E - 0 6  - 0 ,
- 0 . 9 0 2 5 9 5 E - 0 7  0,
0 . 8 9 7 9 8 7 E - 0 7  - 0 ,
0 . 6 1 7 6 9 4 E - 0 7  0,
- 0 . 1 2 1 2 9 0 E - 0 6  - 0
- 0 . 2 1 3 5 1 9 E - 0 6  0,
0 . 3 3 6 3 0 0 E - 0 6  - 0 .
0 . 1 4 5 1 2 6 E - 0 6  0
- 0 . 4 5 0 8 3 9 E - 0 6  - 0
0 . 3 0 5 2 7 8 E - 0 6  0,
0 . 2 8 4 5 0 0 E - 0 6  0,
0 . 1 2 5 3 0 8 E - 0 6  - 0
A r r i v a l  t o o  l a t e .  
- 0 . 5 3 2 7 0 9 E - 0 7  - 0 ,
- 0 . 2 0 8 7 4 8 E - 0 6  - 0 ,
0 . 1 2 8 9 2 0 E - 0 6  0,
- 0 . 4 0 4 3 4 0 E - 0 4  0,
A r r i v a l  t o o  l a t e .  
A r r i v a l  t o o  l a t e .  
0 . 1 0 8 1 3 5 E - 0 3  0
0 . 5 1 2 2 2 4 E - 0 5  0
- 0 . 4 8 3 5 9 8 E - 0 4  - 0
- 0 . 4 9 0 8 4 9 E - 0 5  - 0
0 . 2 3 7 9 8 2 E - 0 4  0
- 0 . 1 4 8 2 1 5 E - 0 6  0
0 . 6 1 9 4 1 6 E - 0 6  - 0  
- 0 . 3 5 5 7 3 2 E - 0 4  - 0
- 0 . 5 0 4 9 0 4 E - 0 6  0
- 0 . 2 2 9 8 7 7 E —06  0
0 . 4 7 8  3 1 8 E —06  0
0 . 2 1 5 7 3  I E —0 5  0
0 . 2 0 1 4 1 6 E —0 7  - 0
0 . 9 8 4 0 3 0 E - 0 8  - 0
. 2 1 8 9 3 0 E - 0 5  
t r e a t e d .
. 6 9 6 2 7 6 E - 0 3  
. 12 5 0 4 7 E —03  
. 2 5 3 8 4 0 E - 0 4  
t r e a t e d .
. 7  4 1 8 6 1 E - 0 3  
. 8 4 1 8 8 6 E - 0 4  
. 1 4 0 5 3 3 E - 0 4  
t r e a t e d .
. 1 9 8 4 1 4 E - 0 4  
. 5 7 7 3 7 7 E - 0 5  
. 1 5 1 4 9 2 E - 0 4  
. 8 2 8 3 0 8 E - 0 7  
. 3 5 1 4 6 7 E - 0 4
. 1 9 0 3  0 0 E - 0 6  
. 7 4 5 7 0 2 E - 0 6  
3 0 8 5 6 6 E - 0 4  
6 3 2 5 5 8 E - 0 4  
1 6 7 1 0 2 E - 0 4  
6 02  3 0 9 E - 0 4  
2 7 5 1 1 2 E - 0 4  
2 7 3 7  0 8 E - 0 4  
2 2 0 2 8 6 E - 0 6  
4 3 2 5 5 2 E - 0 6  
6 4 9 2 5 4 E - 0 4  
1 0 2 2 6 0 E - 0 3  
5 1 7 5 8 2 E - 0 6  
1 6 0 7 8 9 E —0 5  
1 0 8 8 7 0 E - 0 5  
1 0 1 4 6 0 E - 0 5  
3 5 1 4 6 7 E - 0 4
1 9 0 3 0 1 E - 0 6  
7 4 5 7 0 2 E —06  
4 6 0 5 2 7 E - 0 6  
4 8 5 8 4 6 E - 0 2
. 3 9 7 0 8 1 E - 0 3  
. 1 8 8 0 9 3 E - 0 4  
. 1 7 7 5 8 2 E —03  
. 17 5 0 7 8 E —04  
. 8 4 8 8 4 6 E - 0 4  
. 4 4 7 3 1 8 E —04  
. 1 8 6 9 4 2 E —03  
. 1 2 5 6 5 2 E - 0 3  
. 3 1 0 9 1 2 E - 0 3  
. 1 2 8 9 6 7 E —03  
. 1 6 9 1 0 6 E —05  
. 7 5 9 6 8 6 E - 0 5  
. 1 8 5 2 7 0 E - 0 4  
. 8 2 3 2 8 9 E - 0 5
S 1 H 2 S 2 S 2 P 1 P 1 S 1
S 1 H 3 S 2 S 2 P 1 P 1 S 1
S 1 S 2 S 2 P 1 S 1 S 1
S 1 S 2 H 1 S 2 P 1 S 1 S 1
S 1 H 2 S 2 S 2 P 1 S 1 S 1
S 1 H 3 S 2 S 2 P 1 S 1 S 1
S1S2S2P1S1P1
S 1 S 2 H 1 S 2 P 1 S 1 P 1
S 1 H 2 S 2 S 2 P 1 S 1 P 1
S 1 H 3 S 2 S 2 P 1 S 1 P 1
S 1 S 2 P 2 P 1 P 1 P 1
S1S2P2P1P1S1
S 1 S 2 P 2 P 1 S 1 S 1
S 1 S 2 P 2 P 1 S 1 P 1
S 1 S 2 P 2 S 1 S 1 S 1
H 1 S 1 S 2 P 2 S 1 S 1 S 1
S 1 S 2 P 2 S 1 S 1 P 1
S1S2P2S1P1P1
S 1 P 2 P 2 P 1 P 1 P 1
S 1 P 2 H 1 P 2 P 1 P 1 P 1
S 1 P 2 P 2 P 1 P 1 S 1
S 1 P 2 H 1 P 2 P 1 P 1 S 1
S 1 P 2 P 2 P 1 S 1 S 1
S 1 P 2 H 1 P 2 P 1 S 1 S 1
S 1 P 2 P 2 P 1 S 1 P 1
S 1 P 2 H 1 P 2 P 1 S 1 P 1
S 1 P 2 P 2 S 1 S 1 S 1
S 1 P 2 H 1 P 2 S 1 S 1 S 1
S 1 P 2 P 2 S 1 S 1 P 1
S 1 P 2 H 1 P 2 S I S 1 P 1
S 1 P 2 P 2 S 1 P 1 P 1
S 1 P 2 H 1 P 2 S 1 P 1 P 1
S 1 P 2 S 2 S 1 S 1 S 1
H 1 S 1 P 2 S 2 S 1 S 1 S 1
S 1 P 2 S 2 S 1 S 1 P 1
S 1 P 2 S 2 S 1 P 1 P 1
S 1 P 2 S 2 P 1 P 1 P 1
S 1 S 2 S 3 S 3 S 2 S 1
H 1 S 1 S 2 S 3 S 3 S 2 S 1
H 2 S 1 S 2 S 3 S 3 S 2 S 1
S 1 S 2 S 3 S 3 S 2 P 1
S 1 H 1 S 2 S 3 S 3 S 2 P 1
S 1 S 2 S 3 H 2 S 3 S 2 P 1
S 1 S 2 S 3 S 3 P 2 P 1
S 1 S 2 H 1 S 3 S 3 P 2 P 1
S 1 S 2 S 3 S 3 P 2 S 1
S 1 S 2 H 1 S 3 S 3 P 2 S 1
S 1 S 2 S 3 P 3 P 2 P 1
S 1 S 2 S 3 P 3 P 2 S 1
S1S2S3P3S2S1
S 1 S 2 S 3 P 3 S 2 P 1
S 1 S 2 P 3 P 3 P 2 P 1
S 1 S 2 P 3 P 3 P 2 S 1




















0 . 9 2 0 9 9 3 E + 0 2  
0 . 1 3 4 6 7 7 E + 0 3  
0 . 1 1 3 1 8 1 E + 0 3  
0 . 1 0 3 1 4 7 E + 0 3  
0 . 7 2 7 0 1 1 E + 0 2  
0 . 9 4 1 6 6 7 E + 0 2  
0 . 1 0 3 8 4 4 E + 0 3  
0 . 82 3 7 4 4 E + 0 2  
0 . 1 2 4 6 3 7 E + 0 3  
0 . 1 0 3 1 4 7 E + 0 3  
0 . 9 3 2 0 6 1 E + 0 2  
0 . 1 4 8 4 7 4 E + 0 3  
0 . 1 4 7 8 5 2 E + 0 3  
0 . 1 2 6 9 2 0 E + 0 3  
0 . 1 2 6 3 2 8 E + 0 3  
0 . 1 1 5 7 9 5 E + 0 3  
0 . 1 1 5 7 2 7 E + 0 3  
0 . 9 3 2 0 6 1 E + 0 2
- 0 . 2 2 0 9 4 5 E - 0 7  
0 . 2 2 9 8 7 7 E - 0 6  
- 0 . 4 7 8 3 1 8 E - 0 6  
- 0 . 1 7 2 4 6 6 E - 0 6  
0 . 4 8 8 1 5 1 E —0 5  
0 . 4 1 2 8 3 8 E - 0 7  
0 . 2 0 1 4 1 6 E - 0 7  
- 0 . 4 5 7 8 0 7 E - 0 7  
0 . 5 0 4 9 0 5 E —06  
- 0 . 1 0 7 4 7 2 E - 0 5  
- 0 . 3 7 6 2 3 7 E - 0 6  
- 0 . 1 4 8 2 1 5 E - 0 6  
0 . 1 4 3 1 4 0 E - 0 6  
0 . 1 7 0 9 5 3 E - 0 6  
- 0 . 1 9 7 0 1 1 E - 0 6  
- 0 . 5 2 7 9 4 5 E - 0 8
- 0 . 7 7 8 5 2 2 E - 0 7  
- 0 . 1 2 8 9 6 7 E - 0 3  
- 0 . 1 6 9 1 0 6 E - 0 5  
- 0 . 6 0 9 1 8 5 E - 0 6  
0 . 1 7 1 8 0 4 E - 0 4  
- 0 . 4 1 7 5 7 5 E - 0 4  
- 0 . 1 8 5 2 7 0 E - 0 4  
- 0 . 1 6 1 2 1 4 E - 0 6  
- 0 . 3 1 0 9 1 2 E - 0 3  
- 0 . 3 7 9 6 1 5 E - 0 5  
- 0 . 1 3 2 7 7 6 E - 0 5  
0 . 4 4 7 3 1 8 E - 0 4  
- 0 . 4 3 2 0 0 3 E - 0 4  
0 . 6 0 9 7 6 3 E - 0 6  
- 0 . 7 0 2 7 0 7 E —06  
- 0 . 1 8 7 7 3 3 E - 0 7
A r r i v a l  t o o  c l o s e  t o  r e f l e c t .  
0 . 3 7 6 2 3 7 E - 0 6  0 . 1 3 2 7 7 6 E - 0 5
S 1 S 2 P 3 P 3 S 2 P 1
S 1 S 2 P 3 S 3 S 2 S 1
S 1 S 2 P 3 S 3 S 2 P 1
S 1 S 2 P 3 S 3 P 2 P 1
S 1 P 2 P 3 P 3 P 2 P 1
S 1 P 2 P 3 P 3 P 2 S 1
S 1 P 2 P 3 P 3 S 2 S 1
S 1 P 2 P 3 P 3 S 2 P 1
S 1 P 2 P 3 S 3 S 2 S 1
S 1 P 2 P 3 S 3 S 2 P 1
S1P2P3S3P2P1
S 1 P 2 S 3 S 3 S 2 S 1
S 1 P 2 H 1 S 3 S 3 S 2 S 1
S 1 P 2 S 3 S 3 S 2 P 1
S 1 P 2 H 1 S 3 S 3 S 2 P 1
S 1 P 2 S 3 S 3 P 2 P 1
H 1 S 1 P 2 S 3 S 3 P 2 P 1
S 1 P 2 S 3 P 3 P 2 P 1
